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THE FACE OF THE EARTH AND ITS O R I G I N  

G.  N. K a t t e r f e l ' d  

ABSTRACT: The e a r t h  i s  s u b j e c t  t o  deforming f o r c e s  
de r i ved ,  on the  one hand, f rom i t s  r o t a t i o n ,  and, on 
the  o t h e r ,  f rom a l t e r n a t e  compression and expansion 
o f  the  t e r r e s t r i a l  body ( p u l s a t i o n ) ,  assoc ia ted  w i t h  
t h e  a c t i o n  o f  g r a v i t y  and w i t h  t h a t  o f  i n t e r n a l  phys ico-  
chemical r e a c t i o n s .  The n e t  r e s u l t  o f  t he  i n t e r a c t i o n  
o f  these fo rces  ove r  the  course of enormous pe r iods  o f  
t ime has been the  es tab l i shmen t  o f  l i n e s  o f  maximal 
s t r e s s  which have g i v e n  r i s e  t o  t e c t o n i c  movements i n  
t h e  mant le .  Th is  has l e d  t o  the  wel l -known "an t i poda l "  
c h a r a c t e r  o f  t e r r e s t r i a l  r e l i e f :  l and  masses ( e l e v a t i o n s )  
on one s i d e  o f  t he  g lobe a re  counterbalanced by wa te r  
masses (depress ions)  on the  o t h e r ;  and a l s o  t o  a number 
o f  o t h e r  p e c u l i a r i t i e s ,  such as the  wedge shape e x h i b i t e d  
by the  c o n t i n e n t s ,  and the  d i s t r i b u t i o n  o f  v o l c a n i c  
a c t i v i t y .  I t  i s  b e l i e v e d  t h a t  t he  t i d a l  a c t i o n  o f  t he  
moon (which o r i g i n a t e d  i n  nearby space a t  t he  same t ime 
as the  e a r t h )  was an impor tan t  f a c t o r  l e a d i n g  t o  the  
imbalance i n  t e r r e s t r i a l  re1 i e f .  

Anno ta t i on :  

I n  t h i s  book a r e  d iscussed the  very l a r g e s t  forms o f  t e r r e s t r i a l  r e l i e f - -  - / F  
the  c o n t i n e n t s ,  ocean ic  t roughs and mountain be l t s - -as  w e l l  as t h e i r  o r i g i n ,  
p e c u l i a r i t i e s  o f  d i s t r i b u t i o n ,  s i m i l a r i t i e s  and d i f f e r e n c e s .  

The au tho r  e x p l a i n s  why the  d ry - l and  areas o f  o u r  p l a n e t  a r e  concentra-  
t e d  ma in l y  i n  the  Nor the rn  and Eastern  Hemispheres, and the  oceans i n  the  
Southern and Western; why every  ocean i s  "balanced" by a c o n t i n e n t  on the  
oppos i te  s i d e  o f  t he  g lobe;  why the  c o n t i n e n t s  (and hence a l s o  the  oceans)are 
wedge-shaped, and so  f o r t h .  

Whi le  in tended p r i m a r i l y  f o r  s tudents  o f  geography and geology,  as w e l l  
as s c i e n t i s t s  work ing  i n  t h e  f i e l d s  o p l a n e t a r y  phys iography,  geo tec ton ics ,  
and genera l  p lane to logy ,  t h i s  book w i  1 a l s o  be o f  i n t e r e s t  t o  a l l  those 
seeking t o  en la rge  t h e i r  knowledge o f  our  n a t i v e  p l a n e t ,  which i n  many 
respects  remains en i  gmat i ca l  and 1 i t t  e known. 

A r t i s t :  L .  I .  F a l i n  

- - . - 

'rNumbers i n  the  marg in i n d i c a t e  p a g i n a t i o n  i n  -the f o r e i g n  t e x t .  
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Author 's  Remarks: 

In  ou r  day, geological  s c i e n c e  i s  a t  g r e a t  pa ins  t o  desc r ibe  the  changes 
which t a k e  p l ace  on t h e  s u r f a c e  o f  t h e  e a r t h  and wi th in  i t s  component p a r t s ,  
b u t  i t  s u p p l i e s  no answer t o  t h e  ques t ion  o f  what brought about t h e  formation 
and present-day d i s t r i b u t i o n  o f  t h e  major forms o f  t e r r e s t r i a l  r e l i e f - - t h e  
oceans,  con t inen t s  and mountain b e l t s .  In  p a r t i c u l a r ,  geology says nothing 
about so s u r p r i s i n g  a f e a t u r e  of  ou r  p l a n e t  as t h e  concen t r a t ion  o f  oceans i n  
t h e  Western and Southern Hemispheres, and t h e  concen t r a t ion  o f  con t inen t s  i n  
t h e  Eastern and Northern.  

' 

And y e t ,  t h e  e l u c i d a t i o n  and exp lana t ion  of  t h e  laws governing t h e  d i s -  
t r i b u t i o n  of  t he  major forms o f  t e r r e s t r i a l  r e l i e f  and o f  the p l a n e t a r y  
s t r u c t u r e s  of  t h e  l i t h o s p h e r e  a r e  no l e s s  important than t h e  s tudy o f  t h e  
processes  whereby those s t r u c t u r e s  came i n t o  e x i s t e n c e .  I t  may we l l  be t h a t  
t hose  laws a r e  n o t  p e c u l i a r  t o  our own p l a n e t .  Let us  r e c a l l  t h a t  long ago 
a remarkable p l a n e t a r y  homology between t h e  e a r t h  and Mars was po in ted  ou t - -  
t h e  e x i s t e n c e  o f  a g r e a t  "southern ocean" on each p l a n e t  which extends i t s  
bays and seas toward t h e  n o r t h .  

Despite t h e  fact  t h a t  e a r l i e r  a t tempts  t o  formulate  t h e s e  c a r d i n a l  laws 
(Lowthian Green, 1875-1887, W .  P icker ing,  1907) were no t  s u c c e s s f u l ,  no t  a 
s i n g l e  subsequent c o n t r i b u t i o n  t o  world geo log ica l  l i t e r a t u r e  has  been made on 
t h i s  important s u b j e c t .  This de f i c i ency  i s  understandable ,  f i r s t  of a l l  i n  
view of  t h e  f a c t  t h a t  t hese  q u e s t i o n s ,  however long they may have i n t e r e s t e d  
n a t u r a l  s c i e n t i s t s  and geographers,  a r e  unquestionably among t h e  most d i f f i c u l t  - / 4  
t o  analyze.  Secondly, i n  t h e i r  s tudy o f  p l a n e t a r y  t e c t o n i c  problems, i n v e s t i -  
ga to r s  have made only the  s c a n t i e s t  use o f  t h e  r e s u l t s  obtained i n  sc i ences  
ad jacen t  t o  geology and geography--namely, astronomy, geode t i c s ,  c e l e s t i a l  
mechanics, geophysics and geochemistry.  Any at tempt  t o  c o n s t r u c t  a theory of  
t h e  e a r t h  on t h e  b a s i s  of  geology and geography a lone ,  without  recourse t o  the  
o t h e r  s c i ences  r e f e r r e d  t o ,  i s  i n e v i t a b l y  doomed t o  f a i l u r e .  

I t  i s  t h e r e f o r e ,  no t  s u r p r i s i n g  t h a t  i n  ou r  day--an e r a  when t h e  fan- 
t a s t i c  i s  becoming r e a l  i n  t h e  world o f  phys i ca l  s c i e n c e  and technology--we 
a r e  without  a s a t i s f a c t o r y  gene ra l  theory o f  t e c t o n i c s .  

But a t  l e a s t  t h e  bases  f o r  such a theo ry  e x i s t  and are be ing  developed: 
I r e f e r  t o  t h e  p u l s a t i o n a l ,  r o t a t i o n a l  and d i f f e r e n t i a t i o n a l  hypotheses.  The 
f irst  d a t e s  from t h e  work o f  R. Richthofen (1869), t h e  second from t h e  work o f  
G .  H .  Darwin (1879) and W .  Taylor (1885). The elements of  a l l  t h r e e  hypo- 
t heses  were f i rs t  combined by t h e  eminent Russian s c i e n t i s t  Y e .  V .  Bykhanov, 
i n  1877. 
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Underlying the p u l s a t i o n a l  hypothes is  advanced by the New York 
geo log i s t -p ro fes so r  W .  Bucher (1933 ~ 1939) is  t h e  concept o f  a l t e r n a t i n g  
compressions and expansions (pu l sa t ions )  o f  t he  volume o f  our  p l a n e t ,  w i th  a 
dominant r o l e  being p layed  by compression. 
hypothes is ,  a p a r t i c u l a r l y  important  c o n t r i b u t i o n  was made by t h e  Sovie t  
s c i e n t i s t s  M. A. Usov (1935, 1936, 1940),  V .  A. Obruchev (1940), and (as 
regards  i t s  a p p l i c a t i o n  t o  t h e  moon) A .  V. Khabakov (1949). 

I n  j u s t i f y i n g  and developing t h i s  

The r o t a t i o n a l  hypothes is  was c rea t ed  by A .  Bem (1910), then p ro fes -  
s o r  o f  geography a t  Chernovtsy Univers i ty ,  H .  Qui r ing  (1921), and M. V .  Stovas,  
docent of t h e  Dnepropetrovsk Mining I n s t i t u t e ,  who, beginning wi th  1951, 
concerned himself  with t h e  mathematical foundat ions o f  t h e  hypothes is .  This 
hypothesis  i s  based on t h e  f a c t  o f  s e c u l a r  ( r e s u l t i n g  from t i d a l  f r i c t i o n )  and 
o s c i l l a t o r y  v a r i a t i o n s  i n  t h e  e a r t h ' s  r o t a t i o n a l  v e l o c i t y ,  and on t h e  pulsa-  
t i o n s  i n  t h e  f i g u r e  o f  t h e  e a r t h  which a r e  a s s o c i a t e d  with those  v a r i a t i o n s .  
Our most eminent g e o l o g i s t s ,  A.  P .  Karpinskiy,  F .  Yu. Levinson-Lessing, and 
A .  V .  Khabakov, among t h e  f a c t o r s  o f  t ec togenes i s ,  have p laced  p a r t i c u l a r  
s t r e s s  upon t h e  r o l e  o f  such dynamic-astronomical phenomena a s  t h e  a x i a l  
r o t a t i o n  o f  t h e  p l a n e t .  Levinson-Lessing i n  1923, i n  h i s  The Universe and 

which a r e  most deserv ing  o f  a t t e n t i o n :  ' I . .  . (1) displacement o f  t h e  po le s ,  
and ( 2 )  displacement o f  masses wi th in  t h e  e a r t h ,  t hese  be ing  accompanied by 
changes i n  t h e  e a r t h ' s  r o t a t i o n a l  v e l o c i t y ,  a s h i f t  i n  t h e  aqueous s h e l l  of 
t h e  e a r t h ,  and v a r i a t i o n  i n  t e r r e s t r i a l  f l a t n e s s .  Every displacement o f  t h e  
po le s ,  every displacement o f  masses wi th in  t h e  e a r t h ,  accompanied by changes 
i n  t h e  d i s t r i b u t i o n  o f  g r a v i t a t i o n a l  s tress,  unquest ionably r e s u l t s  i n  stresses 
which l ead  t o  deformations,  f r a c t u r e s ,  and s h i f t s .  That i s  p r e c i s e l y  t h e  
reason why any change i n  r o t a t i o n a l  v e l o c i t y  . . .  must r e s u l t  no t  only i n  t h e  
removal o f  waters  from c e r t a i n  l a t i t u d e s  under t h e  e f f e c t  o f  a c c e l e r a t i o n ,  and 
the  i n f l u x  o f  waters  i n t o  t h e  p o l a r  regions under t h e  e f f e c t  o f  d e c e l e r a t i o n ,  
bu t  a l s o  i n  t h e  deformation o f  t h e  very body o f  t h e  ea r th - - a s  i s  i n d i c a t e d  t o  
us by t h e  f a c t  of  ear thquakes . . . "  (pp. 142  - 143) .  One of  t h e  most a c t i v e  
proponents o f  t h e  theory o f  t h e  geologica l  development o f  t h e  e a r t h  based 
on g r a v i t y  and a x i a l  r o t a t i o n  and t h e  r e l a t i o n s h i p  between t h e  e a r t h ,  moon 
and sun,  i s  (as  o f  1931) P ro f .  B. L .  Lichkov o f  Leningrad Univers i ty .  

GeoZogy, wrote t h a t  t h e r e  are two causes under ly ing  d i s l o c a t i o n  processes  - /5 

As regards  t h e  d i f f e r e n t i a t i o n a l  hypothes is  worked ou t  by V .  V .  Beulousov 
(1954, 1955) and van Bemelen: t h i s  hypothesis  a t t r i b u t e s  primary s i g n i f i c a n c e  
t o  t h e  process  of  abyssa l  d i f f e r e n t i a t i o n  o f  t e r r e s t r i a l  ma te r i a l  i n  t h e  
development o f  our  p l a n e t .  

Taken toge the r ,  t h e s e  t h r e e  hypotheses a f f o r d  a complete explana t ion  o f  
t h e  t e c t o n i c  deformations o f  t h e  e a r t h ,  and o f  t h e  d i s t r i b u t i o n  o f  t e c t o n i c  
a c t i v i t y  both i n  time and space .  The t h r e e  hypotheses ,  however, have no t  been 
developed i n  conjunct ion ,  bu t  r a t h e r  independent ly  o f  one another ,  d e s p i t e  
t h e  f a c t  t h a t  v a r i a t i o n s  i n  r o t a t i o n a l  v e l o c i t y  and p u l s a t i o n s  o f  t h e  f i g u r e  
o f  ou r  p l a n e t  a r e  i n e v i t a b l y  a s soc ia t ed  with p u l s a t i o n s  o f  i t s  volume, which, 
i n  t h e i r  t u r n ,  b r i n g  about physico-chemical processes  wi th in  t h e  substance 
o f  t h e  e a r t h .  For t h i s  reason a I'combined" r o t a t i o n a l - p u l s a t i o n a l  hypothes is ,  

vi 



based on t h e  d i a l e c t i c  u n i t y  o f  p u l s a t i o n s  o f  volume and shape o f  t h e  ter-  
r e s t r i a l  e l l i p s o i d ,  and r e f l e c t i n g  a l s o  t h e  processes  o f  abyssa l  d i f f e r e n t i a -  
t i o n  wi th in  t h e  e a r t h ,  p r e s e n t s  i t s e l f  as most c o r r e c t  i n  t h e  methodological 
s ense ,  and most promising o f  r e s u l t s .  Such a hypo thes i s ,  by i t s  broad grasp 
o f  t h e  va r ious  t e c t o n i c  p rocesses ,  is s u p e r i o r  t o  a l l  o t h e r s  i n  t h i s  f i e l d  
(which are e i t h e r  one-sided as regards con ten t ,  o r  are without phys i ca l  o r  
mathematical foundat ion) ,  and i n  t i m e  may well develop i n t o  a more general  
t e c t o n i c  theory--a theory o f  global  deformations o f  t e r r e s t r i a l - t y p e  p l a n e t s .  

I n  t h e  p r e s e n t  volume a r e  p re sen ted  t o  the  r e a d e r  t h e  o r i g i n  and develop- 
ment o f  t h e  e a r t h ' s  major forms o f  r e l i e f  and the  s t r u c t u r e s  o f  i t s  l i t h o -  
sphere-- the c o n t i n e n t s ,  t h e  oceans and t h e  mountain bel ts--viewed from t h e  
p o s i t i o n  of  t h e  gene ra l i zed  hypothesis  j u s t  desc r ibed .  A t  t h e  p re sen t  time 
such ques t ions  come w i t h i n  t h e  purview o f  p l a n e t a q  morphotectonics, a new 
sc i ence  comprising t h e  sc i ences  which dea l  with t h e  e a r t h  and t h e  universe  
a t  l a r g e .  A s  i n  no o t h e r  f i e l d  o f  s c i e n c e ,  we a r e  faced he re  with funda- 
mental phenomena, which, c l e a r  and s t r i k i n g  enough when p resen ted  on a map, 
remain en igmat i ca l .  To exp la in  these  phenomena i s  t h e  purpose o f  t h i s  book. 

I t ake  t h i s  opportuni ty  t o  express  my g r a t i t u d e  t o  B .  L .  Lichkov and 
A .  V .  Khabakov, who were my f irst  t eache r s  i n  geology, and t o  L . P .  Shubayev, 
Ya. Y a .  Gakkel ' ,  V .  Ye. Khain, and I .  M. Zabelin,  f o r  t h e i r  g r e a t  h e l p  i n  
p repa r ing  t h i s  volume f o r  p u b l i c a t i o n .  

Leningrad, May 1953 - J u l y  1960. 
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THE MAJOR T H E O R E T I C A L  PREMISES OF PLANETARY 
G E O M O R P H O L O G Y  AND G E O T E C T O N I C S  

CHAPTER 1 

THE F I G U R E ,  ROTATION A N D  
OF THE EARTH 

. . .Of 
i n g  br  
i s  t h e  

STRUCTURE 

n e c e s s i t y ,  w e  b e g i n  by desc r  
e f l y . .  . t h e  topmost l a y e r ,  w h  
cover of  a l l  t h e  o the r s - - in  

b- /7  
c h  

- 

o t h e r  words, t h e  s u r f a c e  o f  t h e  e a r t h  
i t s e l f .  For t h i s  su r f ace  i s  r e a l l y  a 
p a r t  of t h e  underlying po r t ions ,  from 
which i t  borrows much by i t s  very 
c o n t i g u i t y ,  and w i t h  which i t  i n t e r a c t s .  

f i r s t  t h i n g  w e  must do is t o  cons ider  
t h e  t e r r e s t r i a l  f i g u r e ,  and a f t e r  t h a t  
t h e  p rope r t i e s  and q u a l i t i e s  o f  t h e  
i n t e r i o r . .  . 

I n  s tudying t h i s  topmost l a y e r ,  t h e  

- - M .  V .  Lomonosov 

I n v e s t i g a t i o n  o f  t h e  f i g u r e  o f  t h e  e a r t h ,  which i n  t h e  p a s t  has been o f  
enormous i n t e l l e c t u a l  s i g n i f i c a n c e  and g r e a t l y  advanced t h e  discovery o f  t h e  
g r e a t  laws o f  n a t u r e ,  r e t a i n s  i t s  genera l  s c i e n t i f i c  va lue  even today.  During 
t h e  p a s t  few yea r s ,  p a r t i c u l a r l y  i n  connection with new planetary-physiographic,  
geo tec ton ic ,  and p l a n e t o l o g i c a l  i d e a s ,  t h i s  problem has become s t i l l  more 
p re s s ing .  

The f i r s t  sugges t ion  t h a t  t h e  e a r t h  i s  s p h e r i c a l  ev iden t ly  came from 
Pythagoras (571 - 497 B.C.), who a l s o  o r i g i n a t e d  t h e  not ion  o f  t h e  e a r t h ' s  
d a i l y  r o t a t i o n  and i t s  annual r evo lu t ion  around t h e  sun. However, t h e  f irst  
phys ica l  demonstrations o f  t h e  e a r t h ' s  s p h e r i c i t y  were adduced n o t  by t h e  
Pythagoreans bu t  by A r i s t o t l e  (384 - 322 B.C.),  i n  h i s  O n  the Heavens, where 
he a l s o  sugges ts  t h e  smallness  of our  p l a n e t  as  compared with o t h e r  c e l e s t i a l  
bodies .  The proofs  o f  t h e s e  ideas  a r e  of  course we l l  known today.  I t  was 
Archimedes (287 - 212 B.C.) who introduced i n t o  sc i ence  t h e  concept o f  t h e  
sphero id- -a  s u r f a c e  approximating t h e  sphere .  Archimedes' contemporaries and 
t h e i r  successors  i n  t h e  anc ien t  e r a  had ideas  about t h e  shape and dimensions 
o f  t h e  e a r t h  which were f a i r l y  c l o s e  t o  r e a l i t y .  This i s  a t t e s t e d  by t h e  
r e s u l t  o f  t h e  f irst  known at tempt  t o  e s t ima te  t h e  r ad ius  o f  t h e  e a r t h :  t h e  
Alexandrian l i b r a r i a n  Eratosthenes (276 - 194 B.C.), by e s t ima t ing  t h e  l a t i t u -  
d i n a l  d i f f e rence  between Alexandria  and Syene ( t h e  modern Aswan) on t h e  b a s i s  
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of t h e  known d i s t ance  between t h e  two c i t ies ,  was a b l e  t o  a r r i v e  a t  a f i g u r e  
of 6,311 k i lometers  f o r  t h e  e a r t h v s  r a d i u s .  I n  view o f  t h e  g r e a t  p r imi t ive -  
ness  o f  t h e  techniques a v a i l a b l e  t o  Era tos thenes ,  one can say  t h a t  t h e  e f f o r t s  
of l a t e r  Arab astronomers,  who i n  827 A.  D. ob ta ined  a value of  6,406 k i l o -  
meters on t h e  b a s i s  o f  a measurement o f  t h e  ce l eb ra t ed  "arc  o f  al-MamounTT, 
o r  o f  t h e  French mathematician Fernel  (1525), s c a r c e l y  r ep resen t  any advance 
beyond t h e  work done by t h i s  anc ien t  Greek s c i e n t i s t .  I t  was only more than 
1,800 yea r s  a f t e r  Erathosthenes t h a t  a s i g n i f i c a n t l y  more accu ra t e  determina- 
t i o n  of t h e  s i z e  o f  t h e  e a r t h  became p o s s i b l e ,  with t h e  development o f  t h e  
method of t r i a n g u l a t i o n .  

This new epoch began wi th  t h e  work o f  t h e  Dutchman Wil lebrord van S n e l l ,  
who i n  1615 was t h e  f i rs t  t o  make a t r igonometr ic  determinat ion o f  t h e  arc of 
meridian between Bergen and Alkmar i n  Holland. O f  enormous s i g n i f i c a n c e  
were t h e  measurements made by Picard ,  i n  1669 - 1670, o f  t h e  a r c  between 
Amiens and Malvoisin.  P icard  c a l c u l a t e d  t h e  rad ius  o f  t h e  e a r t h  t o  be 
6,371,692 meters. 
j u s t i f y  t h e  law of  un ive r sa l  g r a v i t a t i o n ,  which he  discovered i n  1665. 
essence of  t h i s  law and o f  t h e  new doc t r ine  o f  t h e  f i g u r e  o f  t h e  r o t a t i n g  
p l a n e t  were presented  i n  1687 by Newton i n  h i s  c l a s s i c  work PhiZosophia 
Naturalis Prineipia Mathematiea. 
doc t r ine  were t h e  s i x  "books" publ i shed  by Copernicus i n  1543 under t h e  t i t l e  
De RevoZutionibus Orbiwn Coelestiwn. In  t h i s  c o l l e c t i o n  the  g r e a t  Po l i sh  
astronomer s t r u c k  t h e  f i rs t  powerful blow aga ins t  f a n a t i c a l  geocentrism and 
anthropocentr ism by exp la in ing  t h e  apparenr: motion of  t h e  c e l e s t i a l  bodies  a s  
be ing  due t o  t h e  a x i a l  r o t a t i o n  of  t h e  e a r t h  and i t s  annual movement around 
t h e  sun .  

This q u i t e  accu ra t e  f i g u r e  made i t  p o s s i b l e  f o r  Newton t o  
The 

A s  i s  wel l  known, t h e  sources  o f  t h i s  new 

S t i l l  o t h e r  consequences a r i s i n g  from t h e  a x i a l  r o t a t i o n  o f  a p l a n e t  
wi th in  a g r a v i t a t i o n a l  f i e l d  a r e  d iscussed  by Newton i n  t h e  t h i r d  s e c t i o n  o f  

i t s  d i u r n a l  r o t a t i o n ,  then,  a s  a consequence of  t h e  a b s o l u t e l y  equal g r a v i -  
t a t i o n  of i t s  p a r t i c l e s  i n  every d i r e c t i o n ,  t h e  e a r t h  would be forced  t o  
assume the  form o f  a sphere .  Actua l ly ,  as a r e s u l t  of  t h e  r o t a t i o n ,  p a r t i c l e s  
nea r  t h e  equator  tend  t o  p u l l  away from t h e  a x i s .  Hence, i f  t h e  subs tance  o f  
t h e  e a r t h  were l i q u i d ,  i t  would, i n  r i s i n g ,  i nc rease  t h e  e q u a t o r i a l  diameter ,  
and, i n  f a l l i n g ,  diminish t h e  p o l a r  a x i s . "  Newton poin ted  ou t  t h a t  "if our 
e a r t h  were n o t  r a t h e r  h ighe r  nea r  t he  equator  than a t  t h e  p o l e s ,  t h e  seas 
would s ink  a t  t h e  po le s  and r i s e  a t  t h e  equator ,  inundat ing  every th ing ."  
a long time Newton's no t ion  t h a t  t h e  e a r t h  must o r i g i n a l l y  have been l i q u i d  
i n  o r d e r  t o  assume i t s  e l l i p s o i d a l  f i g u r e  was quoted i n  suppor t  of t h e  
hypothes is  of  a pr imordia l  molten e a r t h .  
Century t h i s  hypothesis  had been d iscarded  by W i l l i a m  Thomson (Lord Kelvin) 
and h i s  school .  In  Thomson's opinion,  even t h e  i n s i g n i f i c a n t  p l a s t i c i t y  o f  
s o l i d  bodies  would be q u i t e  s u f f i c i e n t  t o  account f o r  t h e  shor ten ing  o f  t h e  

h i s  book, where, i n  p a r t i c u l a r ,  he w r i t e s :  "If our  p l a n e t  were deprived of 19 

For 

But by t h e  middle of  the  19th 

._ - . . 

Is .  N'yuton. Matematieheskiye Naehala Natura2 'noy FiZosofii  (Mathematical 
P r i n c i p l e s  o f  Natura l  Phi losophy) ,  Book 3 ,  Petrograd,  1916, p .  477. [The 
Russian vers ion  o f  Newton's Philosophia Naturalis Principia Mathematica]. 
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e a r t h ' s  a x i s .  
i n  response t o  t h e  a c t i o n  o f  cont inuing f o r c e s  (such as g r a v i t y ) ,  s o l i d  bodies  
behave as i f  they were l i q u i d s ,  while l i q u i d  bodies ,  i n  response t o  t h e  a c t i o n  
o f  b r i e f  f o r c e s ,  behave as i f  they were s o l i d s  (Figure 1 ) .  The ma te r i a l  o f  
t h e  e a r t h ,  l i k e  t a r  o r  r e s i n ,  e x h i b i t s  t h e  p r o p e r t i e s  o f  both s o l i d s  and 
l i q u i d s :  t o  an in f luence  app l i ed  f o r  thousands o r  m i l l i o n s  o f  y e a r s ,  i t  r e a c t s  

l i k e  an extremely viscuous l i q u i d ;  t o  one 

Newton's surmise i s  today q u i t e  v a l u e l e s s .  We now know t h a t ,  

/10 - 
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. ,  
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. .  
app l i ed  only a few thousand y e a r s ,  l i k e  
an e l a s t i c  s o l i d ,  

In  s tudy ing  t h e  problem o f  t h e  f i g u r e  
of  a p l a n e t a r y  mass 11 o f  whose p a r t i c l e s  
a r e  under t h e  i n f l u e n c e  of  f o r c e s  o f  
mutual a t t r a c t i o n ,  as we l l  as c e n t r i f u g a l  
f o r c e ,  Newton concluded the  fol lowing:  

1) t h e  shape o f  t h e  p l a n e t  w i l l  be t h a t  
of  an e l l i p s o i d  with a s l i g h t  p o l a r  
compression, provided t h e  r o t a t i o n  i s  not  
very fas t1 ;  and 2 )  t h e  magnitude o f  t h e  
p o l a r  compression o f  t h e  spheroid w i l l  be 
p ropor t iona l  t o  t h e  r a t i o  of  c e n t r i f u g a l  
f o r c e  t o  t h e  f o r c e  o f  g r a v i t y  a t  t h e  
equator--namely, 

which i s  equal t o  1/288. Here t h e  
F i g .  1 .  B r i t t l e  F rac tu re  of a c o e f f i c i e n t  o f  p r o p o r t i o n a l i t y  K, depends 

I 

upon t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  w i th in  J e t  of L i q u i d  by a Blow From a 
Rod (Photograph  by M *  ") * t h e  p l a n e t .  Proceeding on t h e  assumption 

t h a t  t h e  e a r t h ' s  mass is  homogeneous) o r  
what i s  t h e  same t h i n g  t h a t  i t s  d e n s i t y  i s  t h e  same a t  a l l  p o i n t s  ( i n  which 
case K 1 
t h e  spheroid.  
i t s  dimensions (a) , d i s t r i b u t i o n  o f  d e n s i t i e s  ( K ) ,  and t h e  v e l o c i t y  o f  a x i a l  
r o t a t i o n  ( w ) .  
o f  t h e  e a r t h  r e p r e s e n t s  n o t  merely a geometr ical ,  bu t  even more a geophysical 
and geodynamical problem. 

= 5/4), Newton obtained a value o f  1 /230  f o r  t h e  p o l a r  compression of 

Formula (2)  suggests  t h a t  t h e  f i g u r e  o f  t h e  p l a n e t  depends upon 

I t  i s  now clear t h a t  t h e  s tudy  o f  t h e  f i g u r e  and dimensions 

- ~~ - - -~ 

PoZar compression i s  de f ined  as t h e  r a t i o  o f  t h e  d i f f e r e n c e  between t h e  
e q u a t o r i a l  and p o l a r  r a d i i  t o  t h e  e q u a t o r i a l  r a d i u s :  

a - c  a =  - 
a *  
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The Dutch p h y s i c i s t  C h r i s t i a a n  Huygens, who, as is  w e l l  known, d i d  n o t  
accept  t h e  law o f  u n i v e r s a l  g r a v i t a t i o n ,  i n  1690 determined t h e  e a r t h ' s  
p o l a r  compression, proceeding on a con t r a ry  assumption--that p a r t i c l e s  a r e  
a t t r a c t e d  toward t h e  e a r t h ' s  c e n t e r ,  bu t  n o t  toward one another .  This was 
equ iva len t  t o  concen t r a t ing  t h e  whole mass o f  t h e  p l a n e t  a t  i t s  c e n t e r ,  and 
f o r  t h i s  extreme case o f  d e n s i t y  d i s t r i b u t i o n  t h e  value o f  7 i n  Formula (2) 

would be 1 / 2 .  This ,  i n  t u r n ,  would give a value of  1/576 f o r  p o l a r  compres- 
s i o n ,  s o  t h a t  t h e  a c t u a l  value of  c1 f o r  t h e  e a r t h  would f a l l  between two 
l i m i t s .  

- /11 

(un i form d i s t r i b u t i o n  (mass concentrated 
of d e n s i t i e s )  1/230 1/576 a t  c e n t e r )  

Today, on t h e  b a s i s  o f  d a t a  obtained with a r t i f i c i a l  s a t e l l i t e s ,  w e  
know t h a t  t h e  p o l a r  compression o f  t h e  e a r t h  and t h e  s t r u c t u r a l  c o e f f i c i e n t  
K a r e  1/298.2 and 0.966, r e s p e c t i v e l y .  1 

The discrepancy between Newton's and Huygens f i g u r e s  f o r  p o l a r  compres- 
s i o n ,  obtained t h e o r e t i c a l l y ,  was f irst  explained by A. C l a i r a u t  i n  1743, a l s o  
on a t h e o r e t i c a l  b a s i s .  A s  was po in ted  o u t  above, t h i s  discrepancy i s  due 
t o  t h e  f a c t  t h a t  Newton and Huygens adopted two d i f f e r e n t  assumptions which 
correspond t o  extreme cases  of  p o s s i b l e  d e n s i t y  d i s t r i b u t i o n  wi th in  t h e  p l a n e t .  

The church opposed Newton's theory o f  t h e  f i g u r e  of  t h e  e a r t h ,  s i n c e  of  
course i t  was based on t h e  p rosc r ibed  works o f  Copernicus, Ga l i l eo  and 
Kepler. A c e r t a i n  Eisenschmidt, i n  1691, i n  o r d e r  t o  o f f s e t  Newton, publ ished 
a book i n  which he advanced t h e  i d e a  t h a t  t h e  e a r t h  is  an ovoid whose longer  
a x i s  runs between t h e  p o l e s ;  t h i s  book was widely supported by t h e  c l e r g y .  

A t  t h e  middle o f  t h e  19th century,  owing t o  i n c o n s i s t e n c i e s  i n  f i g u r e s  
ob ta ined  on t h e  e a r t h ' s  dimensions and p o l a r  compression by angular  measure- 
ments o f  var ious p a r t s  o f  t h e  p l a n e t ,  doubt a rose  whether t h e  t r u e  f i g u r e  of  
t h e  e a r t h  i s  an e l l i p s o i d  o f  r o t a t i o n .  The Russian geodecis t  F .F .  Shubert  
(1859) expressed t h e  novel i d e a  t h a t  t h e  equator  might be e l l i p t i c a l  ( t he  
no t ion  o f  t h e  t r i a x i a l i t y  o f  t h e  e a r t h ) .  

A s  a r e s u l t  o f  t h i s  t r i a x i a l i t y  the  p o l e  o f  o u r  p l a n e t  desc r ibes  a 
c e r t a i n  , so -ca l l ed  n u t a t i o n a l  e l l i p s e  around i t s  mean p o s i t i o n  , t h e  major 
a x i s  o f  t h i s  e l l i p s e  be ing  pe rpend icu la r  t o  t h e  major a x i s  o f  t he  equator .  
If t h e  e a r t h  were an exact  e l l i p s o i d  o f  r o t a t i o n  r a t h e r  than a t r i a x i a l  
e l l i p s o i d ,  then t h e  curve i n  ques t ion  would be a c i r c l e  r a t h e r  than an e l l i p s e .  
As a r e s u l t  o f  processing t h e  d a t a  o f  i n t e r n a t i o n a l  obse rva t ions  made on p o l a r  
o s c i l l a t i o n s  during t h e  p e r i o d  1892 - 1924, t h e  Sov ie t  astronomer A. Ya.Orlov 
i n  1944 a r r i v e d  a t  t h e  important conclusion t h a t  t h e  t r i a x i a l i t y  o f  t h e  e a r t h  
a c t u a l l y  e x i s t s ,  and t h a t  t h e  major e q u a t o r i a l  a x i s  o f  t h e  t e r r e s t r i a l  

- / 12  
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e l l i p s o i d  l i es  i n  t h e  p l ane  of  meridian 12' e a s t  o f  Greenwich. 

Sov ie t  s c i e n t i s t s  c u r r e n t l y  accept F.  N .  Krasovskiy's  e l l i p s o i d ,  t h e  
elements o f  which a r e  as follows (Izotov,  1950): 

- 
Mean e q u a t o r i a l  r ad ius  a = 6,378,245 meters;  

Mean p o l a r  compression c1 = 1/298.3; 

Equa to r i a l  compression 

Longitude o f  g r e a t e s t  
me ri d i  an, A, = 15' east o f  Greenwich. 

E = .1/30,0001; and 

Underlying t h e s e  elements are degree determinat ions conducted i n  t h e  
A s i a t i c  p a r t  of  t h e  USSR, Europe and North America. Therefore ,  t h e  elements 
o f  t h e  Krasovskiy e l l i p s o i d  on t h e  whole c h a r a c t e r i z e  t h e  f i g u r e  of  t h e  e a r t h  
more a c c u r a t e l y  than t h e  Bessel,  Hayford o r  C l a r k  e l l i p s o i d s ,  which a r e  based 
on a smaller number o f  degree determinat ions,  and which r e f l e c t  a s m a l l e r  
p o r t i o n  o f  t h e  e a r t h ' s  s u r f a c e .  The Bessel e l l i p s o i d  i s  now used i n  t h e  
German Democratic Republic and t h e  Federal  Republic o f  Germany; t h e  Hayford 
i n  England, and t h e  C l a r k  i n  North America. 

The agreement between t h e  r e s u l t s  obtained by A .  Ya. Orlov through very 
p r e c i s e  observat ions o f  o s c i l l a t i o n s  of  t h e  t e r r e s t r i a l  p o l e ,  and by F.  N .  
Krasovskiy and A .  A .  Izotov from geodet ic  measurements , i s  convincing evidence 
t h a t  the e l l i p t i c i t y  of the equator ( t r i a x i a l i t y  of the earth)  is a real 
f ac tor  which must be taken i n t o  account i n  planetary-geomorphological and 
t e c t o n i c  formulat ions.  

Geodecists f o r  t h e  most p a r t  have conducted t h e i r  i n v e s t i g a t i o n s  i n  t h e  
Northern Hemisphere (Bessel ,  Hayford, C l a r k ,  Heiskanen, Krasovskiy, e t c . ) ,  
and have thus  not  desc r ibed  t h e  f i g u r e  o f  t h e  e a r t h  as a whole, bu t  only i t s  
no r the rn  h a l f .  In  1952 and 1956, I .  D .  Zhongolovich publ ished t h e  elements 
of  a general t e r r e s t r i a l  e l l i p s o i d  which were c a l c u l a t e d  with allowance f o r  
g rav ime t r i c  measurements made i n  both t h e  Northern and t h e  Southern H e m i -  
spheres  (See Appendix 1 ) .  I t  would appear from Zhongolovich's work t h a t  t h e  
dimensions o f  t h e  e a r t h  a r e  s m a l l e r ,  and t h e  p o l a r  compression g r e a t e r ,  than 
was p rev ious ly  b e l i e v e d .  

I t  has  long been known t h a t  t h e  Northern and Southern,Hemispheres a r e  
nonsymmetrical. This nonsymmetry i s  r e f l e c t e d  morphologically i n  t h e  fact  
t h a t  i n  t h e  Northern Hemisphere'there i s  a predominance o f  con t inen t s ,  and 

Equa to r i a l  compression i s  def ined as t h e  d i f f e r e n c e  between t h e  major and 
minor e q u a t o r i a l  semiaxes d iv ided  by t h e  major e q u a t o r i a l  semiaxis :  
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i n  t h e  Southern a predominance o f  oceans; t h a t  t h e r e  is a southern  p o l a r  
con t inen t ,  b u t  no t  a no r the rn  one; t h a t  the nor the rn  zonal Appalachian-Alpine- 
Himalayan mountain b e l t  i s  more pronounced than  t h e  an t ipoda l  l a t i t u d i n a l  
b e l t  i n  t h e  Southern Hemisphere; and so on. I t  can be  s a i d  t h a t  t h e  Northern 
and Southern Hemispheres are i n  f a c t  antisymmetricaZ: one i s  t h e  mirror-image 
o f  t h e  o t h e r .  I f  t h e  map o f  one hemisphere i s  superimposed on t h a t  of  t h e  
o t h e r ,  i t  w i l l  be found t h a t  every depress ion  co inc ides  with an e l eva ted  a r e a ,  
and v i c e  ve r sa .  The geologica l  h i s t o r y ,  s t r u c t u r e  and ma te r i a l  composition o f  
t h e  e a r t h ' s  c r u s t  a r e  d i f f e r e n t  f o r  t h e  two hemispheres.  

From t h i s  very important  f a c t  o f  t h e  asymmetry o f  t h e  two hemispheres, 
and t h e  s t r u c t u r a l  d i f f e r e n c e  between them, i t  fol lows t h a t  t h e  asymmetry o f  
t h e  e a r t h  with r e spec t  t o  t h e  e q u a t o r i a l  p lane  i s  n e c e s s a r i l y  a s soc ia t ed  
with s p e c i a l  fo rces  c r e a t i n g  t h e  asymmetry o f  r o t a t i n g  bodies .  However, 
c l a s s i c a l  (Newtonian) mechanics sugges ts  no th ing  about t h e  ex i s t ence  of any 
forces  o t h e r  than g r a v i t a t i o n a l  and c e n t r i f u g a l .  Therefore ,  i f  w e  a r e  t o  
remain wi th in  t h e  framework o f  Newtonian mechanics, we cannot understand,  
much l e s s  exp la in ,  why t h e  Northern and t h e  Southern Hemispheres o f  our 
p l ane t  a r e  so  d i f f e r e n t .  I t  i s  a l s o  obvious t h a t  our  t h e o r e t i c a l  concepts o f  
t h e  world around us ,  and o f  t h e  f i g u r e  of  t he  e a s t h  i n  p a r t i c u l a r ,  would have 
been very d i f f e r e n t  from t h e  e x i s t i n g  ones i f  we had been p r i v i l e g e d  t o  
observe t h e  fo rces  which gave r i s e  t o  t h e  asymmetry i n  the  f i g u r e  and t h e  
s t r u c t u r e  of  our  p l a n e t ' s  s u r f a c e  (N. A .  Kozyrev, 1958, G .  N .  K a t t e r f e l ' d ,  
1958) l .  The nor th-south  asymmetry of  t h e  e a r t h  i s  explained by t h e  assump- 
t i o n  t h a t  t hese  forces  a r e  d i r e c t e d  p a r a l l e l  t o  t h e  a x i s  o f  r o t a t i o n ,  s i n c e  
t h e  corresponding s h i f t  o f  t h e  cen te r  o f  t e r r e s t r i a l  masses toward the  no r th  
from t h e  e q u a t o r i a l  p l ane  would r e s u l t  i n  increased  p o l a r  compression i n  t h e  
Southern Hemisphere and decreased p o l a r  compression i n  t h e  Northern Hemisphere. 
Therefore ,  t h e  Southern Hemisphere would become more compressed than t h e  
Northern,  and t h e  t e r r e s t r i a l  sphero id  would assume a hear t -shaped form--the 
card io id- -wi th  an a x i a l  depress ion  a t  t h e  South Pole and a protuberance a t  t h e  
North Pole (Figure 2 ) .  From t h i s ,  t h r e e  important  f a c t s  fo l low:  a )  t h e  
d i s t r i b u t i o n  of g r a v i t a t i o n a l  fo rces  i s  n e c e s s a r i l y  d i f f e r e n t  f o r  t h e  two 
hemispheres,  b)  t h e  t r u e  mean compression o f  t h e  e a r t h  must be somewhat l e s s  
than  1/298.3,  and c)  t h e  t r u e  dimensions o f  t h e  e a r t h  must be somewhat d i f -  
f e r e n t  from those  gene ra l ly  accepted a t  t h e  p re sen t  t ime.  

The in f luence  exerc ised  by hemispherical  asymmetry on t h e  d i s t r i b u t i o n  
o f  g r a v i t a t i o n a l  fo rces  was f irst  s t u d i e d  by t h e  Russian astronomer A .  A. 
Ivanov (1899), a p ro fes so r  a t  t h e  Univers i ty  of  Pe tersburg .  Ivanov obtained 
a va lue  o f  1/297.2 f o r  t h e  mean compression o f  t h e  sphero id .  

J u s t i f i c a t i o n  o f  t h e  t h r e e  conclusions c i t e d  above may be found i n  
r e s u l t s  obtained by I .  D .  Zhongolovich, which inc lude  a p o l a r  g r a v i t y  d i f -  
f e r e n t i a l  of 30 m i l l i g a l s ,  a mean p o l a r  compression o f  1/296.6,  and a 
t e r r e s t r i a l  r ad ius  o f  6,370,949 meters--208 meters l e s s  than t h e  f i g u r e  
accepted e a r l i e r .  

t o  dea l  with them a s  fo rces  o f  t ' t he  course o f  t ime?'  (N.A. Kozyrev, 1958) 
remains open. 

. .  

The ques t ion  o f  t h e  na tu re  o f  asymmetrical f o r c e s ,  d e s p i t e  a w i t t y  a t tempt  

/14 
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Equator 

Figure 2 .  Comparison o f  a Sphere ( l ) ,  Spheroid ( 2 )  and Cardioid ( 3 ) .  

I t  has r e c e n t l y  become p o s s i b l e  t o  r e f i n e  our ideas  o f  t h e  f i g u r e  of  
t h e  e a r t h  on t h e  b a s i s  o f  obse rva t ions  of t h e  motion of  a r t i f i c i a l  s a t e l -  
l i t e s  launched i n  p o l a r  o r b i t s .  The asymmetry o f  t h e  e a r t h  n e c e s s a r i l y  has 
an e f f e c t  on t h e  motion of  t h e s e  bod ies :  t h e  sma l l e r  t h e  mass of t he  s a t e l -  
l i t e ,  t h e  g r e a t e r  t h e  d i s t o r t i o n  of  i t s  o r b i t .  This i s  c l e a r  from Newton's 
second law, according t o  which bodies sub jec t ed  t o  i d e n t i c a l  fo rces  acqu i r e  
a c c e l e r a t i o n s  i n v e r s e l y  p ropor t iona l  t o  t h e i r  masses. Observations made on 
the  motions o f  a r t i f i c i a l  s a t e l l i t e s  have supp l i ed  t h e  following f i g u r e s  f o r  
mean p o l a r  compression (a) and p o l a r  asymmetry o f  t h e  e a r t h  ul, 
( D .  King-Khel' and R .  Merson, 1959, and rl = 1 10-5. Corresponding f i g u r e s  
f o r  t h e  d i f f e r e n c e s  between t h e  e q u a t o r i a l  and mean p o l a r  semiaxes a - c 
and t h e  p o l a r  semiaxes C - C a r e  as fol lows:  

= 1/298.2 

N S  

- . . .  
Pola r  asymmetry i s  equal t o  t h e  d i f f e r e n c e  between t h e  p o l a r  semiaxes 

divided by t h e  e q u a t o r i a l  diameter o f  t h e  p l a n e t :  

o r ,  what is t h e  same t h i n g ,  t h e  h a l f - d i f f e r e n c e  of  t he  p o l a r  compressions o f  
t h e  Northern and Southern Hemispheres: 

> 
I (4a) 

= as-an,. 
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Consequently, i n  view o f  t h e  i n s i g n i f i c a n c e  o f  t h e  dev ia t ions  o f  t h e  e a r t h ' s  
f i g u r e  from t h e  e l l i p s o i d  ( i n  t h e  d i r e c t i o n  o f  c a r d i o i d a l  shape) , i t  would 
be more a p p r o p r i a t e  t o  use t h e  term cardioidal e l l i p s o i d  
cardioid.  

r a t h e r  than 

Now l e t  us examine t h e  f o r c e s  a c t i n g  upon t h e  e a r t h ,  and t h e  deforma- 
t i o n s  which they produce i n  sequence o f  time, proceeding from t h e  s imples t  
forms t o  t h e  more complex. 

In  t h e  absence o f  r o t a t i o n  and o t h e r  d i s t u r b i n g  e x t e r n a l  f o r c e s ,  t h e  - / I6  
f i g u r e  o f  t h e  p l a n e t  would be determined e n t i r e l y  by g r a v i t a t i o n a l  f o r c e s  and 
would t h e r e f o r e  be a sphere. 

Under t h e  i n f l u e n c e  ,of c e n t r i f u g a l  f o r c e s  o f  r o t a t i o n ,  t h e  f i g u r e  of  t h e  
However, e a r t h  would be an e l l i p s o i d  o f  r o t a t i o n - - a  spheroid (See Figure 2 ) .  

i n  a d d i t i o n  t o  c e n t r i f u g a l  f o r c e s ,  asymmetrical f o r c e s  o f  r o t a t i o n  a l s o  a c t  
upon t h e  p l a n e t ,  as a r e s u l t  o f  which t h e  f i g u r e  of  t h e  e a r t h  has assumed 
t h e  more complicated shape o f  a cardioidal e l l i p s o i d .  

Thus, t h e  primary sphe re ,  c o n t r a c t i n g  under t h e  e f f e c t  o f  g r a v i t y ,  and 
being deformed by c e n t r i f u g a l  and asymmetrical f o r c e s  o f  r o t a t i o n  , acqu i re s  
t h e  shape o f  a c a r d i o i d a l  e l l i p s o i d .  Whereas t h e  spheroid i s  a sphere 
deformed by c e n t r i f u g a l  f o r c e s ,  t h e  ca rd ioda l  e l l i p s o i d  i s  a spheroid de- 
formed by asymmetrical f o r c e s  o f  r o t a t i o n .  

Thus, t h e  f i g u r e  o f  t h e  e a r t h  and o f  o t h e r  p l a n e t s  i s  determined (1) by 
g r a v i t a t i o n a l  f o r c e s  i n  combination with c e n t r i f u g a l  f o r c e s  o f  r o t a t i o n ,  
r e s u l t i n g  i n  f l a t t e n i n g  o f  t h e  sphere and i n  t h e  formation o f  an e l l i p s o i d  
o f  r o t a t i o n ,  and ( 2 )  by asymmetrical f o r c e s  o f  r o t a t i o n ,  which tend t o  
t ransform t h e  t e r r e s t r i a l  sphe ro id  i n t o  a c a r d i o i d a l  e l l i p s o i d .  

Gravi ty ,  t o  be s u r e ,  c o n s i s t s  o f  more than mere a t t r a c t i o n  toward t h e  
c e n t e r  o f  t h e  p l a n e t ,  f o r  one must cons ide r  t h e  g r a v i t a t i o n a l  a c t i o n  o f  
o t h e r  bodies  i n  t h e  un ive r se - - the  moon, t h e  sun, and t h e  o t h e r  p l a n e t s .  A s  
a r e s u l t  o f  such a c t i o n  t h e  f i g u r e  o f  t h e  e a r t h  s h i f t s  i n  i t s  e q u a t o r i a l  
c r o s s - s e c t i o n ,  assuming t h e  form o f  an a symmet r i ca l - t r i ax ia l  e l l i p s o i d .  

Tidal  fo rces  no t  only a c t  on t h e  more mobile envelope o f  t h e  e a r t h  ( the  
atmosphere and t h e  hydrosphere),  but--what i s  p a r t i c u l a r l y  s i g n i f i c a n t - - a l s o  
deform t h e  s o l i d  p o r t i o n  o f  t h e  p l a n e t .  The meridional asymmetry of  t h e  
e a r t h ' s  f i g u r e  is g r e a t e r  i n  p ropor t ion  as t h e  e x t e r n a l  body causing t h e  
t i d e s  i s  n e a r e r  t o  t h e  p l a n e t .  

Thus, t h e  d i f f e r e n c e  which today we observe i n  t h e  he igh t  o f  l u n a r  
t i d e s  i n  t h e  e a r t h ' s  c r u s t  amounts t o  5 pe rcen t  ( f o r  oppos i t e  hemispheres).  
I n  t h e  d i s t a n t  p a s t ,  however, when t h e  moon was a good d e a l  c l o s e r  t o  t h e  
e a r t h ,  t h e  d i f f e r e n c e  was dozens o f  t imes g r e a t e r .  
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The Structure of the Earth - /17 

Analysis o f  seismic d a t a  has  shown t h a t  ou r  e a r t h  c o n s i s t s  o f  t h r e e  
b a s i c  p o r t i o n s - - t h e  l i t h o s p h e r e  ( c r u s t ) ,  t he  mantle (envelope),  and t h e  
co re .  Usually, t h e  boundaries between t h e s e  p o r t i o n s  are r ep resen ted  i n  t h e  
form o f  p e r f e c t l y  s p h e r i c a l  s u r f a c e s ,  as is t h e  e x t e r n a l  s u r f a c e  o f  t h e  e a r t h .  
The unevenness of  t h e  s u r f a c e  ( r e l i e f  o f  t h e  geosphere) i s  very small i n  
comparison with t h e  dimensions o f  t h e  p l a n e t ;  f o r  purposes o f  i l l u s t r a t i o n ,  
a g r e a t  exaggerat ion o f  t h e  v e r t i c a l  s c a l e  i s  necessary.  

The s u r f a c e  s e p a r a t i n g  t h e  l i t h o s p h e r e  and t h e  mantel i s  t h e  s o - c a l l e d  
Mohorovivic d i s c o n t i n u i t y .  This s u r f a c e  l i e s  an average 35 ki lometers  
below t h e  c o n t i n e n t s ,  and 10.5 ki lometers  below t h e  oceans,  counting from 
t h e  s u r f a c e  o f  t h e  hydrosphere-- that  i s  t o  s a y ,  4 o r  5 ki lometers  below t h e  
ocean f l o o r  (Figure 3 ) .  The boundary o f  t h e  e a r t h ' s  core  l i e s  a t  a depth 
o f  2,900 k i lome te r s - - tha t  i s ,  a t  a d i s t a n c e  equal t o  54% o f  t h e  e a r t h ' s  
r a d i u s  (0.54 R) . I t  i s  a p o i n t  of  i n t e r e s t  t h a t  t h e  a r e a  o f  t h e  s u r f a c e  o f  
t h e  core  (as computed with high accuracy, amounting t o  one-tenth of  one 
pe rcen t )  amounts t o  148,700,000 square k i lome te r s ,  t hus  very n e a r l y  coincid-  - /18 
ing  with t h e  area o f  t h e  s u r f a c e  o f  t h e  continents--148,900,000 square k i l o -  
meters ' .  Within t h e  co re  is  a " l i t t l e  core", l oca t ed  a t  a depth o f  5,090 
ki lometers ;  t h i s  "core o f  t he  core ' '  has a r ad ius  of  20% o f  t h e  e a r t h ' s  
r ad ius  ( 0 . 2 0  R) . 

Cont i n e n  t a l  Sect ion Oceanic Sect ion 

3 n 

s i a l  

/ 

2 
kg/cm 

F i g .  3 .  Content o f  t h e  Continents and Oceans (On t h e  Basis o f  Seismic Data 
and t h e  Conclusions o f  Petrology;  Grav i t a t iona l  Equilibrium i s  Assumed). 

(Af t e r  H .  Hess, 1955) 

Thi-s can s c a r c e l y  be a c c i d e n t a l ,  Evident ly  the formation and g r o w t h  of 
t h e  s i a l i c  l i t h o s p h e r e  w a s  somehow a s s o c i a t e d  w i t h  t h e  formation and pos- 
s i b l e  i n c r e a s e  o f  t h e  core dur ing  the course o f  geo log ica l  h i s t o r y .  
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The l i t hosphe re ,  o r  " e a r t h ' s  c rus t " ,  c o n s i s t s  o f  t h r e e  l a y e r s :  a t h i n  
l a y e r  of sedimentary rock,  a g r a n i t i c  l a y e r  and a b a s a l t i c  l a y e r .  

Trans i t  iona I zone 
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b EM 
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jyJl lm3 m4 p7Xlg3 

F i g .  4 .  Generalized Schematic Representat ion of t h e  E a r t h ' s  Crust  (Af te r  
V .  Ye. Khain, 1961). 1 ,  wa te r ,  2 ,  sedimentary l a y e r ;  3 ,  g r a n i t i c  l a y e r ;  
4, b a s a l t i c  l a y e r ;  5 ,  mant le .  

The g r a n i t i c  l a y e r  fades  o u t  on t h e  f l o o r  o f  t h e  oceans.  
under a t h i n  cover o f  uncompacted and semicompacted sediments less thari 
1 k i lometer  i n  th i ckness ,  The mean th i ckness  of  t h e  b a s a l t i c  l a y e r  i s  
4 k i lome te r s ,  bu t  i t  is  much t h i n n e r  than t h i s  i n  t h e  deepest  p a r t s  o f  t h e  
ocean. The fad ing  out  o f  t h e  e a r t h ' s  c r u s t  i n  t he  h o r i z o n t a l  d i r e c t i o n  
away from t h e  con t inen t s  is  i l l u s t r a t e d  i n  Figures  4 and 5 .  I n  Figure 5 is  
shown t h e  gradual  a t t e n t u a t i o n  o f  t h e  l i t hosphe re  i n  the  reg ion  o f  t r a n s -  
i t i o n  from cont inent  t o  ocean a t  Cape May on the  A t l a n t i c  coas t  o f  North 
America. 

The b a s a l t s  begin 

A s i m i l a r  s i t u a t i o n  i s  observed on t h e  A t l a n t i c  coas t  o f  Europe. 

5fiE 
QY 

1,000 fathoms sea level 

on 1 : 4  

Distance from 7-mile bank i n  km 

F i g .  5 .  Sect ion of t h e  Lithosphere a t  Point  of T rans i t i on  B e t w e e n  t h e  North 
American Continent and t h e  A t l a n t i c  Ocean (Af te r  Werzel and Sherbe t ,  1955). 

T h e  l ayers  i n  t h e  o rde r  of increas ing  dens i ty  a r e :  sea water ,  s e d i m e n t s ,  
1 i thosphere,  mantle.  
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There are o t h e r  means o f  ' ' a r t i cu l a t ion"  between land and sea, p a r t i c u -  
l a r l y  t h r u s t  s u r f a c e s  and f a u l t  s u r f a c e s .  We f i n d  t h i s  i n  t h e  case o f  t h e  
Pac i f ic  c o a s t  o f  Southeast  A s i a  , t h e  C a l i f o r n i a  c o a s t ,  and many o t h e r  regions.  
I t  has  been e s t a b l i s h e d  t h a t  i n  a l l  cases  where t h e  l i t h o s p h e r e  i s  free from 
marine o r  oceanic  waters over  ex tens ive  areas, o r  i s  covered by not  more 
than 1,820 meters o f  water, i t  i s  o f  c o n t i n e n t a l  t ype ,  and where t h e  water 
cover i s  3,640 meters o r  more, i t  is  of oceanic  type (Ewing and P res s ,  1955). 
In  t h e  i n t e r v a l  between t h e s e  two depths (1,820 and 3,640 meters below s e a  
l e v e l )  , one f i n d s  a l i t h o s p h e r i c  s t r u c t u r e  which i s  in t e rmed ia t e  between 
c o n t i n e n t a l  and oceanic .  The l i t h o s p h e r e  underneath t h e  Mediterranean and 
the  Caribbean is  oceanic  r a t h e r  than c o n t i n e n t a l .  

3 The d e n s i t y  o f  t h e  upper l a y e r s  of  t h e  l i t h o s p h e r e  i s  2 . 7 0  gr/cm , as 

3 .  3 .  
a g a i n s t  a general  mean o f  2.82 gr/cm3. 

of  3.31 gr/cm i n  i t s  upper p o r t i o n ,  b u t  a d e n s i t y  o f  5 .68 gr/cm i n  i t s  
co re ;  a t  t h e  c e n t e r  o f  t h e  e a r t h  t h e  dens i ty  ev iden t ly  reaches 17 gr/cm3. 

The underlying mantle has  a d e n s i t y  
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A l l  igneous rocks t h a t  we a r e  f a m i l i a r  with f a l l  i n t o  one o f  t h e  
fol lowing fou r  c a t e g o r i e s  : a c i d ,  i n t e rmed ia t e  , b a s i c  and u l t r a b a s i c  (Table 
1 ) .  

T A B L E  1 .  Chemical Composition o f  Cer ta in  C h a r a c t e r i s t i c  Wide ly -  
D i s t r ibu ted  T e r r e s t r i a l  Rocks ( i n  %) '  
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Other compounds 
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a a  

40.91 

5.00 

30.82 

4.64 

7.97 
4.41 
6.25 

From da ta  i n  V .  A .  MagnitsKiy's book (1953). 
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The rocks o f  t h e  l i t hosphe re ,  which is  t h e  e a r t h ' s  o u t e r  s tony  envelope, 
a r e  r i c h  i n  s i l i ca  (Si02) and aluminum compounds. I t  i s  p r e c i s e l y  t h i s  com- 

b i n a t i o n  o f  sedimentary,  g r a n i t i c  and b a s i c  rocks which gave r ise t o  t h e  
widely used term siaZ (S i  + AI) in t roduced  by E .  Suess (1909, p .  626) .  The 
g r a n i t i c  and b a s a l t i c  rocks,  a long with t h e  products  of  t h e i r  decomposition 
a r e  concent ra ted  i n  t h e  sedimentary mantle , forming t h e  e a r t h ' s  l i t h o s p h e r e  
above t h e  Mohorovivic d i s c o n t i n u i t y .  A s  regards  the  u l t r a b a s i c  rocks ,  which 
a r e  comparatively poor i n  aluminum but  r i c h  i n  magnesium (Suess '  term i s  
sima, from S i  + Mg) , they appear  under t h e  l i t hosphe re  d i r e c t l y  below t h e  
Mohorovivic d i s c o n t i n u i t y ,  and probably extend down t o  a depth o f  2,900 
k i lome te r s .  

The e a r l i e r  hypothes is  o f  t h e  f e r rous  n a t u r e  o f  t h e  e a r t h ' s  core ,  which 
s t i l l  f i g u r e s  i n  some tex tbooks ,  can no longer  be  accepted i n  t h e  face  o f  
s e r i o u s  geophysical and cosmogonic arguments t o  t h e  cont ra ry .  According t o  
t h e  works of  V. N .  Lodochnikov (1939) and V. Ramsey (1948, 1949), t h e  forma- 
t i o n  o f  t h e  e a r t h ' s  core  i s  t o  be expla ined  by a phasa l  t r a n s i t i o n  o f  
s i l i c a t e  ma te r i a l  i n t o  t h e  m e t a l l i c  s t a t e l ,  a s  a r e s u l t  o f  t h e  high p res su re  
i n  t h e  e a r t h ' s  i n t e r i o r .  
dens i ty  o f  t h e  e a r t h ' s  core  i s  explained no t  by i t s  i r o n  conten t ,  bu t  r a t h e r  
by t h e  enormous magnitude o f  t he  p re s su re .  
p o s i t i o n  t o  a s s e r t  t h a t  t h e  chemical content  o f  t h e  mantle and t h a t  o f  t h e  
core  a r e  t h e  same. 
poss ib ly  small  , between them. With a p re s su re  o f  1,400,000 atmospheres a t  
t h e  boundary o f  t h e  core ,  t h e  p l ane ta ry  subs tance  would e n t e r  t h e  m e t a l l i c  
phase i n  s tepwise  fash ion .  This phenomenon is  caused by t h e  "crushing" and 
d i s rup t ion  o f  t h e  e l e c t r o n  s h e l l s ,  and by t h e  corresponding diminut ion o f  t h e  
oxygen atoms which c o n s t i t u t e  t h e  g r e a t e r  p a r t  o f  t h e  p l a n e t a r y  subs tance .  

According t o  Lodochnikov's hypothes is  , t h e  g r e a t  - / 2 1  

Nevertheless ,  w e  a r e  i n  no 

I t  i s  more probable  t h a t  t h e r e  i s  a c e r t a i n  d i f f e r e n c e ,  

The smooth i n c r e a s e  i n  dens i ty  i n  connection with high p res su re ,  and 
t h e  presence o f  a phase t r a n s i t i o n ,  enable  us t o  understand t h e  formerly 
mysterious l i n e a r  r e l a t i o n s h i p  e x i s t i n g  between t h e  dens i ty  o f  t h e  terres- 
t r i a l  p l a n e t s  and t h e i r  dimensions o r  mass. Actua l ly ,  s i n c e  a dense core  o f  
a p l a n e t  i s  determined only by t h e  region c l o s e  t o  t h e  c e n t e r  o f  t h e  p l a n e t ,  
where t h e  p re s su re  exceeds t h e  c r i t i c a l  ( f o r  phase t r a n s i t i o n )  value o f  
1,400,000 atmospheres,  a p l a n e t  with small  mass and comparatively small  
p re s su re  a t  t h e  c e n t e r  could n o t  poss ib ly  have such a co re .  
show t h a t  o f  a l l  t h e  terrestr ia l  p l a n e t s ,  we f i n d  such a c r i t i c a l  value o f  
p re s su re  only i n  t h e  case o f  Venus and t h e  e a r t h ;  t h e  moon, Mercury and Mars 
have lower p re s su res  a t  t h e i r  cen te r s  (S.V. Kozlovskaya, 1953).  Only Venus 
has  a dense core such a s  o u r  own (but s m a l l e r ) 2 ,  

A weak l i n k  b e t m a n d  t h e  atomic nuc leus ,  and a l s o  high e l e c -  

A s  i s  we l l  known, i t  is  c u r r e n t l y  be l i eved  t h a t  t h e  phenomenon o f  t e r r e s -  

Ca lcu la t ions  

~~ ._ 

t r i c a l  conduct iv i ty ,  are c h a r a c t e r i s t i c  o f  t h i s  cond i t ion .  

t r i a l  magnetism i s  a s s o c i a t e d  with t h e  presence o f  a l i q u i d  m e t a l l i c  core  
wi th in  t h e  e a r t h .  
l i s h e d  r e c e n t l y  by d i r e c t  measurements made with t h e  he lp  o f  Sovie t  l una r  
rocke ts )  suppor ts  t h e  hypothes is  o f  t h e  absence o f  a luna r  core .  We may expect 
t h a t  Mars lacking  a dense co re ,wi l l  s i m i l a r l y  be without  a p e r c e p t i b l e  mag- 
n e t i c  f i e i d .  

That t h e  moon i s  without  any magnetic f i e l d  (as  was es t ab -  

12 

I 
1 



r, 

Nei the r  t h e  moon n o r  Mars, and apparent ly  a l s o  Mercury, has  a s i a l i c  
1 c r u s t  of  t e r r e s t r i a l  type.  
I 

li I t  should be noted t h a t  t h e  widely used and t r a d i t i o n a l  expression 
ear th ' s  crust ( a synonym f o r  Zithosphere) no longer  suggests  t h e  meaning it  
i s  meant t o  convey; i t  i s  a r e l i c  from t h e  comparatively r e c e n t  epoch i n  
which a b e l i e f  i n  t h e  p r i m a r i l y  igneous - l iqu id  s t a t e  o f  t h e  e a r t h ' s  substance 
was predominant. 
on t h e  s u r f a c e  o f  t h e  p l a n e t .  The congealing o f  t h i s  l a y e r  was t h e  culmina- 
t i o n  o f  t h e  " igneous- l iquidi l  s tage of development o f  t h e  e a r t h .  But accord- 
i n g  t o  t h e  modern theory o f  t h e  gas-dust  o r i g i n  of  t h e  e a r t h ,  t h e  l i t h o s p h e r e  
i s  by no means a s l a g  c r u s t  r a p i d l y  s o l i d i f i e d  on t h e  s u r f a c e  o f  an igneous- 
l i q u i d  p l a n e t ,  bu t  r a t h e r  t h e  product o f  a prolonged process  o f  physico- 
chemical and g r a v i t a t i o n a l  d i f f e r e n t i a t i o n  of t h e  substance o f  t h e  mantle.  
This d i s p a r i t y  between t h e  o l d  and t h e  new p o i n t  of  view corresponds t o  a 
s u b s t a n t i a l  d i f f e r e n c e  i n  e s t ima tes  o f  t h e  age of  t h e  e a r t h ' s  c r u s t .  From 
t h e  po in t  o f  view of  t h e  i t ho t ' !  cosmogonies, t h e  formation of t h e  c r u s t  was 
so  b r i e f  as t o  be p r a c t i c a l l y  coeval with t h e  formation of t h e  e a r t h  i t s e l f .  
But modern d a t a  on t h e  "cold" formation of t h e  e a r t h  and t h e  long-term 
formation of  t h e  l i t h o s p h e r e  ( i t  i s  probably cont inuing even a t  t h e  p r e s e n t  
t ime) ,  i n d i c a t e  t h a t  t h e r e  i s  abso lu te ly  no comparison between t h e  age of  t h e  
e a r t h  and t h e  age of  t he  e a r t h ' s  c r u s t .  In f a c t  t he  very concept o f  t h e  age 
o f  t he  l i t h o s p h e r e  has  become suspec t ,  s i n c e  l a y e r s  and fragments o f  t h e  most 
d i v e r s e  ages ,  from t h e  very anc ien t  t o  t h e  very young, have en te red  i n t o  t h e  
composition o f  what we c a l l  t h e  e a r t h ' s  c r u s t .  

/22 
The " e a r t h ' s  c r u s t "  was regarded as a s h e l l  of s l a g  f l o a t i n g  

The t o t a l  volume o f  t h e  l i t h o s p h e r e  is  est imated t o  be 1 . 2 %  t h a t  o f  t h e  
e a r t h  i t s e l f ,  o r  1 . 5 %  t h a t  o f  t h e  simatic s h e l l .  The mass o f  t h e  l i t h o s p h e r e  
is  0 . 7 %  t h a t  of t h e  e a r t h ,  o r  1% t h a t  of t he  s h e l l  ( P .  N .  Kropotkin, 1953).  
The remaining 99% i s  made up o f  u l t r a b a s i c  (and m e t a l l i c )  m a t e r i a l ,  which 
today is  regarded as t h e  primary ma te r i a l  from which, i n  t h e  course o f  pro- 
longed d i f f e r e n t i a t i o n ,  a more a c i d  l i t h o s p h e r e  ( t h a t  is  t o  s a y ,  i t s  b a s a l t i c  
and g r a n i t i c  l a y e r s )  has  been formed. The sedimentary l a y e r , i n  t u r n ,  i s  t h e  
product  of  t h e  d e s t r u c t i o n  of t hose  l a y e r s ;  it has accumulated as a r e s u l t  o f  
s t eady  depos i t i on  and r e d i s p o s i t i o n  wi th in  t h e  b a s i n s  of t h e  e a r t h ' s  s u r f a c e .  

Since t h e  l i t h o s p h e r e  i s  t h e  product of t h e  d i f f e r e n t i a t i o n  o f  t h e  
s h e l l ,  t h e  e a r t h ' s  mantle l y ing  beneath t h e  con t inen t s  and oceans must have 
a somewhat d i f f e r e n t  d e n s i t y .  But i n  view of t h e  small  mass of  more a c i d i c  

gr/cm ) i s  b a r e l y  p e r c e p t i b l e .  The formation of t h e  l i t h o s p h e r e  has exe r t ed  
an equa l ly  small i n f luence  on t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  along t h e  e a r t h ' s  
r a d i u s .  

d i f f e r e n t i a t e  given o f f  by t h e  s h e l l ,  t h e  d i f f e r e n c e  (approximately 0 .03  - / 2 3  
3 

The former popular  'lhotl' cosmogonies of Laplace (1796) and Jeans (1919), 
and a l s o  t h e  l a t e r  hypothesis  of V .  G .  Fesenkov (1944) t h a t  t h e  p l a n e t s  were 
formed from incandescent pa t ches  o f  s o l a r  gas , have now been u n i v e r s a l l y  
discarded.  Therefore ,  t h e  geochemists '  i deas  o f  a p r imord ia l  molten e a r t h ,  
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t h e  f o l i a t i o n  o f  t h e  p l a n e t  i n t o  geospheres,  and t h e  ex i s t ence  o f  a primary 
molten magma--all o f  which de r ive  from t h e  ear l ie r  cosmogonies r e f e r r e d  t o  
above--have proven unsound. 

Moreover, t he  s c i e n t i f i c  l i t e r a t u r e  i s  deeply permeated with . t h e  mistaken 
not ion  t h a t  t h e  f o l i a t i o n  o f  t h e  e a r t h  with r e spec t  t o  chemical conten t  lo-  
g i c a l l y  
l i q u i d  s t a t e .  Actua l ly ,  as B. Yu. Levin (1955) has  po in t ed  o u t ,  t h i s  opinion 
i s  based on erroneous ana logies  i n  which t h e  e a r t h  i s  l ikened  t o  a b l a s t  
furnace  o r  a me teo r i t e ,  without-proper account be ing  taken o f  t h e  p l a n e t a r y  
scale o f  even t s .  A t  p r e s su res  deep i n  t h e  i n t e r i o r  o f  t h e  e a r t h  which reach 
s e v e r a l  mi l l i on  atmospheres, t h e  v i s c o s i t y  o f  t h e  t e r r e s t r i a l  ma te r i a l  i s  s o  
g r e a t  ( f o r  any temperature  one cares  t o  assume) t h a t  i t  i s  no longer  meaning- 
f u l  t o  speak o f  the"1iquid" s t a t e .  Therefore ,  no ma t t e r  how much hea t ing  
occurs  i n  these  depths ,  and no ma t t e r  whether t h e  h e a t  i s  "pr imordial"  (as 
i n  t h e  "hot" cosmogonies); t h e  r e s u l t  o f  r a d i a t i o n  (as i n  0. Yu. Schmidt 's  
t heo ry ,  1950); o r  i s  generated by t h e  brak ing  o f  t h e  e a r t h ' s  r o t a t i o n  by 
t i d a l  a c t i o n  ( the  hypothes is  o f  P .  P .  Zotov; 1960),  t h e  very idea  o f  t h e  
geochemical d i f f e r e n t i a t i o n  o f  t h e  subs tance  o f  our  p l a n e t  i n  t h e  l i q u i d  
s t a t e  i s  erroneous.  

fol lows from t h e  hypothes is  o f  t h e  e a r t h ' s  p r imordia l  igneous- 

Seismic i n v e s t i g a t i o n s  have y i e l d e d  important  demonstrations t h a t  t h e  
e n t i r e  mantle o f  , the e a r t h ,  down t o  t h e  core ,  i s  i n  a s o l i d  s t a t e .  Neverthe- 
l e s s ,  even i n  such a s o l i d  s t a t e  (more p r e c i s e l y ,  t h e  s t a t e  o f  an extremely 
viscuous s h e l l )  , t h e r e  e x i s t  condi t ions  f o r  t h e  r i se  o f  s i l i c a t e  fus ions ,  
without  which t h e  formation o f  t h e  s i a l i c  l i t h o s p h e r e  and t h e  cont inents  
would have been imposs ib le .  A s  a consequence o f  t h e  formation o f  deep f is-  /24  
s u r e s  and t h e  reduct ion  o f  p re s su re  i n  c e r t a i n  reg ions  and b e l t s  of  our  
p l a n e t  (we s h a l l  r e t u r n  t o  t h i s  s u b j e c t  i n  the  fo l lowing  chap te r ) ,  i t  was 
p o s s i b l e  f o r  i n d i v i d u a l ,  i s o l a t e d  c a v i t i e s  t o  a r i s e  i n  the  mantle,  which were 
f i l l e d  with comparatively l i g h t  and r e a d i l y  f u s i b l e  b a s a l t i c  and g r a n i t i c  
magmas s a t u r a t e d  with vol i t i l e  substances s i m i l a r  i n  composition t o  e u t e c t i c s 1 .  
Such g r a n i t i c  (quar tz  i. aluminum s i l i c a t e s )  and b a s a l t i c  (pyroxene + 
p lag ioc la se )  e u t e c t i c s  , by v i r t u e  o f  t h e i r  low mel t ing  p o i n t s  , p l a s t i c i t y  and 
lower (by comparison with t h e  d u n i t e - p e r i d o t i t e  rocks o f  t h e  mantle) s p e c i f i c  
g r a v i t y ,  could be r e a d i l y  t r anspor t ed  upward along f i s s u r e s ,  thus paving t h e  
way f o r  t h e  s i a l i t i c  l i t h o s p h e r e  and supplying ma te r i a l  f o r  t h e  formation o f  
con t inen t s  and mountains. 

Thus , t h e  b a s i c  d i f f e r e n t i a t i o n  o f  t h e  p l ane ta ry  subs tance  i n t o  core ,  
mantle and l i t h o s p h e r e ,  was by no means t h e  o r i g i n a l  one.  I t  could n o t  have 
.a r i sen  as a consequence o f  some secondary, rad iogenic  hea t ing  o f  t h e  depths .  
The f o l i a t i o n  o f  t h e  e a r t h  can be regarded a s  t h e  r e s u l t  o f  q u i t e  prolonged 
processes  o f  g r a v i t a t i o n a l  compression and condensation of  t h e  i n t e r i o r  
l a y e r s  o f  t he  p l a n e t  ( t he  formation o f  a co re ) ,  and o f  t h e  physico-chemical 
and g r a v i t a t i o n a l  d i f f e r e n t i a t i o n  o f  t h e  subs tance  o f  i t s  s h e l l  (formation 
o f  t h e  l i t h o s p h e r e ) .  These processes  a r e  cont inuing  even today.  There can 
be l i t t l e  doubt t h a t  t h e  present-day macrostructure  r e f l e c t s  only a 
I A e u t e c t i c  i s  such a mixture-of t w o  o r  more compounds as has t h e  lowest 
mel t ing p o i n t  f o r  a l l  p o s s i b l e  mixtures  o f  t h e  p a r t i c u l a r  components. 

- -- - 
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p a r t i c u l a r  s t a g e  i n  t h e  development of  t h e  p l a n e t .  1- 
With i n c r e a s e  i n  t h e  concen t r a t ion  o f  matter toward t h e  c e n t e r  o f  t h e  

p l a n e t ,  t h e  f l a t t e n i n g  o f  t h e  po le s  diminished. Therefore ,  i n c r e a s e  i n  t h e  
i n t e r n a l  homogeneity o f  t h e  e a r t h  i n  t h e  course o f  t i m e  leads t o  a general  
and c o n s i s t e n t  a l t e r a t i o n  o f  t h e  p l a n e t ' s  f i g u r e  showing i t s e l f  i n  a s e c u l a r  
diminution of  p o l a r  compression. 

I 
l 

The progress  made by t h e  p l a n e t  during i t s  course of  development i s  
circumscribed by i t s  mass (and dimensions).  The mass o f  t h e  e a r t h  was s u f -  
f i c i e n t  f o r  t he  formation o f  a dense,  i n t e r n a l  core .  However, as long as 
t h e  mass o f  t h e  growing p l a n e t  remained below 0 . 8  o f  i t s  p r e s e n t  va lue ,  no 
core appeared: t h a t  happened only a t  a c r i t i c a l  epoch i n  t h e  e a r l y  h i s t o r y  / 2 5  
o f  t h e  e a r t h ,  when t h e  mass reached 80% o f  i t s  p r e s e n t  va lue .  
and t h e  subsequent c o n t r a c t i o n  o f  t h e  e a r t h ' s  r ad ius  (by approximately 
100 ki lometers)  produced a sharp i n c r e a s e  i n  t h e  r a t e  o f  a x i a l  r o t a t i o n .  

This event 

Mars, with i t s  i n s u f f i c i e n t l y  l a r g e  mass, w a s  unable t o  form a dense 
co re ,  and t h e r e f o r e  has lagged behind t h e  e a r t h  i n  development. I t  d i f f e r s  
from our p l a n e t  i n  i t s  s m a l l e r  mean d e n s i t y ,  and i n  having l e s s  mass con- 
c e n t r a t e d  toward the  c e n t e r .  This exp la ins  t h e  s m a l l e r  p o l a r  compression 
o f  Mars, although t h e  d i u r n a l  r o t a t i o n  o f  t h e  two p l a n e t s  is  t h e  same. 
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CHAPTER 2 

THE CAUSES OF T E C T O N I C  MOVEMENTS 

Geologis ts ,  i n  observing a c t u a l  
geological  p rocesses ,  so l i m i t e d  by  t h e  
volume of t h e  e a r t h  i t s e l f ,  very o f t e n  
f o r g e t  t h a t  t h e i r  b a s i c  f e a t u r e s  ( i n -  
cluding t h e  physico-chemical ones) a r e  
determined p r imar i ly  by t h e  f i g u r e  of 
the p l ane t  as  a c e l e s t i a l  body--a t r i -  
a x i a l  e l l i p s o i d ,  a geoid c l o s e  t o  t h e  
e l l i p s o i d  of ro t a t ion - -a s  a u n i q u e  
whole, on t h e  bas i s  of  i t s  geometry. 

- - V .  I .  Vernadskiy 

Tectonic  movements, which c r e a t e ,  a l t e r ,  and cont inuously renew t h e  f ace  - /26 
o f  our  p l a n e t ,  have a wider  sphere o f  a c t i o n  than t h e  l i t h o s p h e r e ,  which i s  
only t h e  t h i n ,  s tony  f i l m  on t h e  s u r f a c e  o f  t he  globe.  These movements a f f e c t  
n o t  merely t h e  e x t e r n a l  l a y e r s ,  bu t  v i r t u a l l y  t h e  whole o f  t h e  e a r t h ' s  mantle.  
Some t e c t o n i s t s  (V.  Ye. Khain, 1957, e t  a l )  j u s t i f i a b l y  b e l i e v e  t h a t  even t h e  
e a r t h ' s  core  i s  by no means f r e e  o f  t h e s e  a l l - p l a n e t a r y  movements, which, 
e s s e n t i a l l y ,  have given our world i t s  very countenance. 
c h a r a c t e r  o f  abyssa l  t e c t o n i c  processes  a r e  not independent;  r a t h e r ,  they are 
i n t i m a t e l y  r e l a t e d  t o  t h e  cosmic cond i t ions  o f  t h e  e a r t h ,  t o  t h e  e a r t h ' s  
i r r e g u l a r  a x i a l  r o t a t i o n  and t h e  o r b i t a l  motion o f  i t s  s a t e l l i t e ,  t h e  moon. 

But t h e  course and 

Var i a t ions  i n  Rotational Velocity 

Everything t h a t  once was f i r m  and cons t an t ,  with t h e  advance o f  p r a c t i c a l  
human requirements and improvement i n  the  accuracy of  s c i e n t i f i c  measurements 
( t h a t  i s  t o  s a y ,  with more a t t e n t i v e  and c a r e f u l  examination) has  become 
v a r i a b l e  and unsure.  
then i n  1543 Copernicus ushered i n  a new epoch with h i s  discovery t h a t  t h e  
e a r t h  goes round t h e  sun - -a t  t h e  enormous v e l o c i t y  o f  30 ki lometers  a second. 
S t i l l  l a t e r  i t  was observed t h a t  ou r  p l a n e t  i s  no t  t h e  good clock i t  was 
supposed t o  b e ,  f o r  sometimes i t  s p i n s  f a s t e r ,  sometimes slower.  Johannes 
Kepler discovered t h a t  p l a n e t a r y  , o r b i t s  are e l l i p s e s ,  and showed t h e  v a r i a -  
b i l i t y  o f  t h e  e a r t h ' s  v e l o c i t y  around t h e  sun.  

The a n c i e n t s  could a f f o r d  t o  consider  t h e  e a r t h  immobile; - /27 

With a f r e e l y  r o t a t i n g  body l e f t  t o  i t s e l f ,  t h e  moment o f  momentum 
( t h a t  i s ,  t h e  product  o f  t h e  r o t a t i o n a l  v e l o c i t y  w and t h e  moment o f  i n e r t i a  
I )  remains c o n s t a n t .  
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2 For t h e  e a r t h  t h e  moment o f  i n e r t i a  i s  I = 0.331MR (1 + 2/3a) ,  where 0.331 
i s  a s t r u c t u r a l  c o e f f i c i e n t  depending upon t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  
within t h e  p l a n e t ,  M is the mass, and R i s  t h e  mean r a d i u s .  Consequently, 
i f  t h e  moment o f  i n e r t i a  diminishes ( f o r  example, as a r e s u l t  o f  r educ t ion  
o f  t h e  s t r u c t u r a l  c o e f f i c i e n t  o r  t h e  mean r a d i u s  o f  t h e  e a r t h ) ,  then t h e  
r o t a t i o n a l  v e l o c i t y  w i l l  i n c r e a s e .  With i n c r e a s e  i n  t h e  volume o f  t h e  e a r t h ,  
t h e  mean r ad ius  and t h e  moment i n e r t i a  w i l l  a l s o  i n c r e a s e ,  b u t  t h e  r o t a t i o n a l  
v e l o c i t y  w i l l  diminish.  

A l l  t h i s  i s  n a t u r a l  under cond i t ions  o f  f r e e  r o t a t i o n .  However, t h e  
e a r t h  comes under t h e  in f luence  o f  e x t e r n a l  f o r c e s ,  and as  a r e s u l t  i t s  a x i a l  
r o t a t i o n  i s  impeded. In 1754 Immanuel Kant i n  h i s  remarkable " Inves t iga t ions  
o f  t h e  Question o f  Whether t h e  Earth has Experienced..  . C e r t a i n  Changes i n  
Axial Rotation",  c a l l e d  a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  f r i c t i o n  o f  a t i d a l  
wave opposing t h e  r o t a t i o n  o f  t h e  e a r t h  and a c t i n g  i n c e s s a n t l y  on t h e  e a s t e r n  
shores  o f  t he  con t inen t s ,  would n e c e s s a r i l y  diminish t h e  e a r t h ' s  r o t a t i o n a l  
v e l o c i t y .  In 1848, J u l i u s  Robert Meyer, one of  t h e  founders o f  t h e  l a w  o f  t h e  
conservat ion o f  energy1, po in t ed  o u t  t h a t  t h e  e f f e c t  o f  l una r  and s o l a r  

but  a l s o  i n  v a r i a b i l i t y  i n  the  p l a n e t ' s  r o t a t i o n a l  v e l o c i t y - - i n  o t h e r  words, 
t h e  p o s i t i o n  of  t h e  axes of r o t a t i o n  a c t u a l l y  s h i f t s  i n  space and t h e  r o t a -  
t i o n a l  v e l o c i t y  is  a l t e r e d .  Like Kant, Meyer i n s i s t e d  t h a t  t h e  t i d e s  o f  t h e  
Pacif ic  diminish t h e  r o t a t i o n a l  energy o f  t h e  e a r t h .  

- 
g r a v i t a t i o n  upon t h e  e a r t h  shows i t s e l f  not  only i n  p recess ion  and n u t a t i o n  /28 

A f t e r  t h e  work o f  Meyer, t h i s  ques t ion  aroused s t r o n g  i n t e r e s t  among 
geophys ic i s t s  and astronomers.  John C .  Adams (1859)2, G .  H .  Darwin (1879, 
1908), and S .  Oppenheim (1886), among o t h e r s ,  occupied themselves i n  f ind ing  
t h e  magnitude of  t i d a l  r e t a r d a t i o n .  Even during ou r  t ime ( i n  t h e  1930 ' s ) ,  
Brown e s t a b l i s h e d  t h e  e x i s t e n c e  o f  jump-type v a r i a t i o n s  i n  r o t a t i o n a l  v e l o c i t y ,  
t a k i n g  p l a c e  a t  i n t e r v a l s  o f  0 . 5  - 2 and 10 - 60 y e a r s .  These jumps a r e  
a s s o c i a t e d  with v a r i a t i o n s  i n  t h e  e a r t h ' s  moment of  i n e r t i a .  A s  a r e s u l t  o f  
t h e  s h i f t i n g  o f  masses wi th in  t h e  body of  t h e  e a r t h  from t h e  c e n t e r  and from 
t h e  a x i s  o f  r o t a t i o n ,  t h e r e  i s  a r e t a r d a t i o n  of  r o t a t i o n a l  v e l o c i t y ;  when t h e  
s h i f t s  t ake  p l a c e  toward t h e  a x i s  and toward t h e  c e n t e r ,  t h e r e  i s  an a c c e l e r a -  
t i o n  of  t h e  v e l o c i t y  of  r o t a t i o n .  

Apart from s e c u l a r  r e t a r d a t i o n  and jump-type changes, t h e  e a r t h ' s  
r o t a t i o n a l  v e l o c i t y ,  as shown with t h e  use o f  q u a r t z  c locks ,  a l s o  undergoes 
annual v a r i a t i o n s .  I t  has been shown t h a t  t h e  March day i s  0.0025 seconds 
longer  than t h e  August day, and t h a t ,  consequently , t h e  e a r t h  ' s r o t a t i o n  
speeds up toward August and slows down toward March. This phenomenon is  
exp la inab le  i n  p a r t  through t h e  seasona l  change i n  t h e  atmosphere (N. N .  
Pa r iysk iy ,  1955), i n  p a r t  through v a r i a t i o n  i n  t h e  "temperature" o f  t h e  
e a r t h  as a whole, a s s o c i a t e d  with annual v a r i a t i o n  i n  t h e  ea r th - sun  d i s t a n c e .  

'- See Meyer's a r t i c l e ,  "Observations o f  t h e  Forces o f  Inanimate Nature", i n  t h e  
May booklet  o f  t h e  Liebig AnnaZs of Chemistry and Phamaey ( i n  German) f o r  1942; 
a l s o  h i s  o r i g i n a l  o u t l i n e ,  CeZestiaZ Mechanics, published i n  i848. 

- 

See Thomson and T a i t ,  1883. 
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I t  i s  p o s s i b l e  t h a t  on. t h e  " f a r t h e r "  s e c t o r  o f  t h e  p a t h  around t h e  f i l m  
(between March and September), t h e  e a r t h  i s  s l i g h t l y  coo led  n comparison w i t h  
t h e  "nearer"  s e c t o r  (between September and March). 
w i t h  s h a r p l y  decreased mean c o e f f i c i e n t  o f  thermal expansion o f  t h e  e a r t h ,  t h e  
o r d e r  o f  l o k 8 ,  a decrease i n  t h e  mean temperature o f  t h e  e n t  r e  e a r t h  f rom 
March t o  September o f  o n l y  1.4" would be s u f f i c i e n t  t o  cause a decrease i n  i t s  
mean r a d i u s  o f  9.2 cm. T h i s  change i n  r a d i u s  o f  t h e  e a r t h  between March and 
September, accord ing  t o  t h e  law o f  conserva t ion  o f  r o t a t i o n a l  i n e r t i a :  

C a l c u l a t  ons show t h a t  even 

(where R i s  t h e  mean r a d i u s  o f  t h e  p l a n e t ,  w i s  t h e  angu lar  v e l o c i t y  o f  i t s  
r o t a t i o n ) ,  should cause e x a c t l y  t h e  seasonal inc rease i n  r o t a t i o n  r a t e  d u r i n g  
t h e  p e r i o d  between March and September which i s  a c t u a l l y  observed f o r  t h e  
e a r t h .  The supposed annual  change i n  t h e  r a d i u s  o f  o u r  p l a n e t  should be ac- 
companied by c e r t a i n  o t h e r  e f f e c t s ,  p a r t i c u l a r l y  annual f l u c t u a t i o n s  i n  t h e  
l e v e l  of t h e  w o r l d  ocean. Increases i n  t h e  l e v e l  between September and March 
a r e  a c t u a l l y  observed, amounting t o  around +10 cm. 

The r o t a t i o n  of t he  e a r t h ,  i n  a d d i t i o n  t o  secular  r e t a r d a t i o n ,  a l s o  
experiences s e c u l a r  a c c e l e r a t i o n ,  caused by g r a v i t a t i o n a l  compression and 
condensation o f  i t s  i n t e r i o r  p o r t i o n s .  For t h i s  reason,  t h e  observed s e c u l a r  

-8 r e t a r d a t i o n  ( A w / w  = - - 2 . 8  10 ) is  compounded o f  t h e  t r u e  s e c u l a r  r e t a r d a -  
t i o n  r e s u l t i n g  from t i d a l  f r i c t i o n  (Aw / w  = -4.2 - , and t h e  proper  e 
s e c u l a r  a c c l e r a t i o n ,  r e s u l t i n g  from g r a v i t a t i o n a l  compression and t h e  sho r t en -  

i n g  o f  t h e  p l a n e t ' s  r a d i u s  (Aw./w = + 1 . 4  - 1 0  ) .  Here, t h e  s e c u l a r  r e t a r d a -  

t i o n  i s  t h r e e  t imes as g r e a t  as t h e  s e c u l a r  a c c e l e r a t i o n - - t h a t  i s ,  t h e  e f f e c t  
of e x t e r n a l  f a c t o r s  ( t h e  a t t r a c t i o n  the  sun and moon, t i d a l  f r i c t i o n  of  t h e  
atmosphere and hydrosphere,  e t c . )  i s  g r e a t e r  than t h e  e f f e c t  o f  i n t e r n a l  
f a c t o r s  ( g r a v i t y ) .  

- 8  
1 

Thus, t h e  observed v a r i a t i o n s  i n  t h e  e a r t h ' s  r o t a t i o n a l  v e l o c i t y  c o n s i s t  
of f o u r  s e p a r a t e  components: 1)  s e c u l a r ,  continuous r e t a r d a t i o n  as  a r e s u l t  of  
e x t e r n a l  t i d a l  braking;  2 )  proper  a c c e l e r a t i o n  as a r e s u l t  of  uneven contrac-  
t i o n  of  t h e  r ad ius  of  t h e  e x t e r n a l  geospheres;  3) jump-type v a r i a t i o n s  o f  
p e r i o d i c  c h a r a c t e r ;  and 4 )  p e r i o d i c  v a r i a t i o n s  a s s o c i a t e d ,  i n  p a r t i c u l a r ,  
with t h e  time o f  y e a r  ( the  e a r t h ' s  p o s i t i o n  with r e s p e c t  t o  the  sun). 

A l l  of t h e s e  v a r i e d  i n f l u e n c e s ,  admit tedly small  o r  even i n s i g n i f i c a n t ,  
have n e v e r t h e l e s s  l e f t  t h e i r  mark on our p l a n e t ,  i n  my op in ion .  
a b l e  t o  sum up and analyze a l l  t hose  minute, bu t  innumerable, p u l s a t i o n a l  and 
r o t a t i o n a l  e f f e c t s  which have accumulated during t h e  f o u r  b i l l i o n  yea r s  o f  
geo log ica l  h i s t o r y  and have s u b t l y  made themselves f e l t  on t h e  countenance o f  
our  p l a n e t  i n  t h e  form of  cont inuing,  though p o s s i b l y  impalpable i n t e r a c t i o n s ,  
then we should be amazed a t  t h e i r  o v e r a l l  s i g n i f i c a n c e .  

I f  we were 
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I 

Pul sa t ion  of t h e  Volume of t h e  E a r t h  - 130 

A s  B. Meyermann (1928, 1928a) and N .  N .  Pa r iysk iy  (1955) discovered,  t h e  
mean ra te  o f  c o n t r a c t i o n  o f  t h e  e a r t h ' s  r a d i u s ,  as a r e s u l t  of  abyssal  com- 
p r e s s i o n  during t h e  modern epoch, amounts t o  5 cen t ime te r s  a century.  The 
substance o f  t h e  p l a n e t  i s  sub jec t ed  t o  t h e  g r e a t e s t  deformation a t  depths on 
t h e  o r d e r  o f  2,700 k i lome te r s ,  where a p r e s s u r e  o f  1 . 2  mi l l i on  atmospheres 
predominates.  Here, t h e r e  i s  a s i g n i f i c a n t  i nc rease  i n  d e n s i t y  and r educ t ion  
i n  t h e  volume o f  t h e  p l a n e t a r y  substance a s s o c i a t e d  with denser  packing 
(A. P .  Vinogradov, 1959).  This c o n t r a c t i o n  o f  t h e  t e r r e s t r i a l  r ad ius  l i b e r a t e s  
an enormous amount o f  energy; approximate c a l c u l a t i o n s  y i e l d  a f i g u r e  o f  

23 17 lo3' e rgs  p e r  century,  which i n  thermal u n i t s  i s  equ iva len t  t o  4 10 

c a l o r i e s .  Even a moderate s h i f t  i n  t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  e a r t h  a s  a 
r e s u l t  of  compression and g r a v i t a t i o n a l  d i f f e r e n t i a t i o n ,  o r  a comparatively 
small i n c r e a s e  i n  t h e  meall t e r r e s t r i a l  d e n s i t y ,  w i l l  l e ad  i n e v i t a b l y  t o  t h e  
r e l e a s e  of  q u i t e  s i g n i f i c a n t  amounts of  thermal energy. Since only a p o r t i o n  
o f  t h a t  energy i s  d i s s i p a t e d  wi th in  " t e r r e s t r i a l  space", t h e  p l a n e t  becomes 
hea ted ,  and t h e  s t a g e  of  compression i s  followed (but only f o r  a time! ) by a 
s t a g e  o f  expansion. Consequently, g r a v i t a t i o n a l  compression i s  the  p r e c u r s o r ,  
and indeed t h e  cause,  o f  a subsequent s t a g e  o f  expansion--a s t a g e  i n  which the  
forces o f  repuls ion predominate over the f o r c e s  of  a t t r a c t i o n .  

Thus,the c o n t r a c t i o n  o f  t h e  e a r t h ' s  r ad ius  i s  not  uniform; it i s  a 
discont inuous process  i n  t h e  form o f  a p u l s a t i o n .  In  i n d i v i d u a l  yea r s  ( f o r  
example, 1897) such v a r i a t i o n  i n  the  mean t e r r e s t r i a l  r ad ius  has reached 1 2  
cen t ime te r s .  There is a s i n g l e  circumstance which g r e a t l y  i n t e n s i f i e s  t h e  
o s c i l l a t i o n s  and t h e  uns t ab le  c h a r a c t e r  o f  r a d i a l  c o n t r a c t i o n .  A s  follows 
from t h e  formulas adduced i n  P .  N .  Tve r sk iy ' s  Course in Geophysics (1936), 
t he  p re s su re  a t  t h e  c e n t e r  o f  t he  p l a n e t  P i n  f i r s t  approximation, i s  

inve r se ly  p ropor t iona l  t o  t h e  fou r th  power o f  t h e  e a r t h ' s  r ad ius  R :  
C '  

where f i s  t h e  g r a v i t a t i o n a l  constant  and M is  t h e  mass o f  t h e  e a r t h .  

According t o  t h i s  expression,  reduct ion i n  R i s  accompanied by a sharp 
inc rease  i n  p r e s s u r e  i n  a l l  l a y e r s  of t h e  p l a n e t ,  while  t he  core  is  enriched 
by new masses o f  substance drawn from t h e  deeper p o r t i o n s  of  t h e  mantle,  thus 
undergoing s t i l l  f u r t h e r  compaction and i n c r e a s e  i n  s i z e .  Conversely, with 
inc rease  i n  R ,  t h e r e  is  r educ t ion  o f  t h e  p r e s s u r e ,  and t h i s  i n  t u r n  favors  
a d d i t i o n a l  i n c r e a s e .  Such i n s t a b i l i t y  i n  t h e  mechanical and physico-chemical 
s t a t e  o f  t h e  i n t e r n a l  p o r t i o n s  o f  t h e  e a r t h  leads t o  o s c i l l a t i o n  i n  t h e  t e r -  
r e s t r i a l  r ad ius  R ,  superimposed a g a i n s t  a background o f  gene ra l  s e c u l a r  con- 
t r a c t i o n  o f  t h e  r a d i u s .  This discontinuous-continuous c h a r a c t e r  o f  t h e  r a d i a l  
c o n t r a c t i o n  i s  explained by. t h e  incomplete r e v e r s i b i l i t y  o f  t h e  process  i t s e l f  , 
r e s u l t i n g  from t h e  t r a n s f e r  o f  a p o r t i o n  o f  t h e  g r a v i t a t i o n a l  p o t e n t i a l  energy 
i n t o  t h e  l a t e n t  h e a t  o f  physico-chemical t r ans fo rma t ions .  

- / 3 1  

19 



Thus, t h e  b a s i c  sou rce  o f  energy o f  t e c t o n i c  movements, and o f  t h e  
deformations i n  t h e  mantel and l i t h o s p h e r e  a s s o c i a t e d  wi th  them, is  g r a v i t y .  
G r a v i t a t i o n a l  c o n t r a c t i o n  o f  t h e  terrestr ia l  r a d i u s  i s  accompanied by acce le ra -  
t i o n  of t h e  r o t a t i o n  o f  t h e  p l ane t ( and  t h i s  i s  opposed by t i d a l  r e t a r d a t i o n ) ;  
h e r e  an enormous amount o f  energy i s  r e l e a s e d ,  which, u l t i m a t e l y ,  goes i n t o  
(1) h e a t  l o s t  by t h e  e a r t h  through r a d i a t i o n  i n t o  space,  o r  ( 2 )  t h e  l a t e n t  
h e a t  o f  physico-chemical t ransformations deep wi th in  t h e  e a r t h  , which proceed 
upon r educ t ion  o f  t h e  volume o f  p l a n e t a r y  substance,  and which i n  t h e i r  t u r n  
promote s t i l l  f u r t h e r  compaction o f  t h e  i n t e r i o r  p o r t i o n s  o f  t h e  p l a n e t  and 
r educ t ion  i n  p l a n e t a r y  volume. 
i s  less important than t h e  h e a t  o f  t e c t o n i c  o r i g i n ,  s i n c e  i t  i s  owing t o  
t e c t o n i c  movements t h a t  t h e  s h i f t s  o f  r a d i o a c t i v e  elements occur , whereas t h e  
r e l e a s e  o f  energy i n  connection with g r a v i t a t i o n a l  s h i f t  o f  t h e  t e r res t r ia l  
r ad ius  exceeds by a f a c t o r  o f  100 t h e  r e l e a s e  o f  h e a t  through r a d i o a c t i v i t y .  

Radiogenic h e a t  produced wi th in  t h e  e a r t h  

Variat ion i n  t h e  Figure of  t h e  Earth 

The e l l i p s o i d a l  f i g u r e  of t h e  e a r t h  i s  c h a r a c t e r i z e d  by a degree o f  
p o l a r  compression which can be expressed by t h e  equat ion 

122. 
where f i s  t h e  g r a v i t a t i o n a l  cons t an t ,  w i s  the  r o t a t i o n a l  v e l o c i t y ,  a is  t h e  
e q u a t o r i a l  r a d i u s ,  M i s  t h e  mass, and K i s  t h e  s t r u c t u r a l  c o e f f i c i e n t  r e f l e c t -  
i n g  t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  w i th in  t h e  p l a n e t .  
t h a t  t h e  magnitude of p o l a r  compression depends upon t h e  i n t e r n a l  s t r u c t u r e ,  
t h e  r o t a t i o n a l  v e l o c i t y ,  t h e  dimensions, and the  mass o f  t h e  p l a n e t .  Changes 
i n  t h e  e l l i p s o i d a l  form o f  t h e  e a r t h  r e s u l t i n g  from e x t e r n a l  and i n t e r n a l  
causes as we l l  as from f a c t o r s  i n  t h e  h i s t o r y  o f  t h e  p l a n e t  a r e  r ep resen ted  
by t h e  fol lowing r e l a t i o n s h i p :  

This expression shows 

3 A M  --. 2 a  0 R M 
Ifu Au- 2 A 0  

~ -- -- I f p  

v a r i a t i o n  
i n  form 
( p o l a r  com- 
p res s ion )  
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Forces and Lonal Plan of  t h e  Planet  W i t h  Ident ical  
Compression o f  Northern and Southern Hemispheres. 

Secular  

'i 
1 

In connection with t h e  f a c t  t h a t  t h e  numerical magnitudes o f  t he  f a c t o r s  
introduced he re  a r e  o f  d i f f e r e n t  s i g n s ,  t h e i r  combined e f f e c t  i s  l e s s  than 
would be ind ica t ed  by a simple sum. 

For  example, J e f f r i e s  i n  1929, assuming the  dimensions o f  t h e  e a r t h  and - /53 
t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  w i th in  t h e  p l a n e t  t o  be i n v a r i a b l e ,  ca l cu la t ed  
t h a t  1 .6  b i l l i o n  years  ago the  p o l a r  compression o f  t h e  e a r t h  amounted t o  
1 / 2 1 0 .  
s t r u c t u r e  g r e a t l y  reduces t h i s  e s t ima te .  A p r e c i s e  value f o r  t o t a l  v a r i a t i o n  
i n  p o l a r  compression for t h e  whole per iod o f  geological  h i s t o r y ,  with due 
allowance f o r  a l l  t h e s e  f a c t o r s ,  would be d i f f i c u l t  t o  a r r i v e  a t  a t  t h e  
p re sen t  t ime--possibly even impossible.  Nevertheless ,  from Expression (8) we 
can a r r i v e  a t  an answer t o  a ques t ion  which i s  o f  importance i n  understanding 
t h e  b a s i c  tendencies  a t  work i n  shaping t h e  f ace  of  t he  eai.th: what has been 
t h e  general  d i r e c t i o n  followed by changes i n  t h e  form o f  our  p l a n e t ?  Cal- 
c u l a t i o n s  show t h a t  i n  t h e  course o f  t ime, a s  a r e s u l t  o f  t h e  g r e a t  i n f luence  
o f  t i d a l  r e t a r d a t i o n ,  p o l a r  compression of t h e  t e r res t r ia l  spheroid has been 
f a l l i n g  o f f .  On t h i s ' s l o w  s e c u l a r  reduct ion o f  t h e  e a r t h ' s  f l a t t e n i n g  a r e  
imposed p u l s a t i o n a l  o s c i l l a t i o n s  a s s o c i a t e d  with t h e  i n s t a b i l i t y  of t he  
mechanical and physico-chemical equi l ibr ium of the p l a n e t .  

But allowance f o r  t he  p o s s i b l e  v a r i a t i o n  i n  dimensions and i n t e r n a l  
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F i g .  7. Deforming Forces and Zonal Plan o f  t h e  P lane t  wi th  Ident ica l  Secular  
increase i n  Polar  Compression of t h e  Northern and Southern Hemispheres. 

/ 35 - The d i s t r i b u t i o n  o f  t e c t o n i c  s t r e s s e s  wi th in  the  l i t hosphe re  and o f  
movements w i th in  t h e  subc rus t a l  sphere of t h e  e a r t h  during ro ta t ion- induced  
change i n  p o l a r  compression, has been s tud ied  by Btihm von Btjhmersheim (1910), 
H.  Quir ing (1921), V .  A .  Magnitskiy (1948), and M .  V .  Stovas (1951, 1957, 1958, 
1959) '. 

A s ink ing  i n  t h e  e q u a t o r i a l  bulge,  and a r i s e  i n  t h e  p o l a r  reg ions ,  a r e  
t h e  necessary consequences of  any prolonged reduct ion  i n  p o l a r  compression. 
Then, under condi t ions o f  downward movements of t h e  p l ane ta ry  substance and 
increased  p res su re ,  t h e  e q u a t o r i a l  zone would become a region s u i t a b l e  f o r  t h e  
formation o f  t h e  oceanic  type  of  l i t hosphe re ,  while  t h e  temperate zones, 
experiencing upward movements and reduced p res su re ,  would support  a l i t hosphe re  
o f  t h e  l i g h t e r ,  con t inen ta l  type.  Therefore,  t he  o v e r a l l  p i c t u r e  o f  t h e  d i s -  
t r i b u t i o n  o f  water  and dry land would be  as fol lows:  first,  t h e r e  would be an 
e q u a t o r i a l  Ocean, embracing the  globe between 35"N and 3 5 " S ,  with two ant ipodal  
cont inents  i n  t h e  temperature zones, which we can c a l l  t h e  Arctogea and t h e  
Antarctogea. 
midst o f  t h e  two cont inents  and two zonal b e l t s  o f  mountains and f r a c t u r e s  a r i s -  
i n g  a t  t h e  boundary between t h e  subs id ing  and the  r i s i n g  zones (Figure 6 ) .  

1 I t  was H. Quir ing who introduced i n t o '  t h e o r e t i c a l  geology -and geography t h e  
concept o f  c r i t i c a l  zones o f  t h e  t e r r e s t r i a l  sphero id- - tha t  i s ,  weakened zones 
of t h e  l i t hosphe re  where t h e  deforming s t r e s s e s  are maximal. La ter  on, M. V .  
Stovas (1951) in t roduced  the  analogous concept o f  c r i t i c a l  p a r a l l e l s .  

There would a l s o  b e  two p o l a r  mediterranean s e a s ,  l y ing  i n  the  

. ~ 
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i i g .  8. Deforming Forces and Zonal P lan  of the  E a r t h  w i t h  , x u l a r  Decrease 

i n  P o l a r  Compression o f  t h e  Nor thern  Hemisphere, and w i t h  R e l a t i v e  Increase 

Movements: a - Abso lu te ,  b - R e l a t i v e .  1 - Hydrosphere; 2 - L i thosphere ;  
3 - Lower Boundary o f  the  E a r t h ' s  Crust  (Mohorov iv ic  D i s c o n t i n u i t y ) ;  4 - 
Abyssa 1 F r a c t u r e s .  

J 
1 i n  P o l a r  Compression o f  t h e  Southern Hemisphere. D i r e c t i o n s  of Forces and 
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In  t h e  event o f  prolonged i n c r e a s e  i n  p o l a r  compression, t h e  d i s t r i -  
bu t ion  o f  con t inen t s  and oceans would be p r e c i s e l y  t h e  oppos i t e :  t h e  
e q u a t o r i a l  zone would then comprise a c o n t i n e n t a l  b e l t ,  and t h e  temperate 
zones would be occupied by a Northem Ocean and a Southern Ocean; and f i n a l l y ,  
a t  t h e  p o l e s ,  i n s t e a d  o f  land-surrounded s e a s ,  t h e r e  would be  two sea-surrourded 
con t inen t s  (Figure 7 ) .  

Comparing t h e  schemes o f  Figures 6 and 7 with t h e  c o n t i n e n t a l  d i s t r i -  
bu t ion  which we know today, one can come t o  t h e s e  q u i t e  cur ious conclusions:  
1)  t h e  Northern and Southern Hemispheres o f  t h e  e a r t h ,  viewed as a whole, 
correspond n e i t h e r  t o  Figure 6 no r  t o  Figure 7,  al though 2 )  t h e  Northern 
Hemisphere does i n  fac t  resemble t h e  scheme o f  Figure 6 ( t h e  case o f  s e c u l a r  
r educ t ion  o f  p o l a r  compression, while t he  Southern Hemisphere resembles t h e  
scheme o f  Figure 7 ( the  case o f  s e c u l a r  i n c r e a s e  o f  p o l a r  compression; 
obviously,  such a s u r p r i s i n g  discrepancy can be i n t e r p r e t e d  i n  var ious ways, 
bu t  t h e  most probable  explanat ion is  t h a t  4 )  during t h e  process  o f  t h e  s e c u l a r  
r educ t ion  o f  p o l a r  compression , t h e  Northern Hemisphere advanced more r a p i d l y  
than t h e  Southern.  
volumnar and p o l a r  compression o f  t he  two hemispheres may be found i n  asym- 
m e t r i c a l  r o t a t i o n a l  f o r c e s  (See above) a c t i n g  as a brake upon t h e  compression 
o f  t h e  Northern Hemisphere, and a c c e l e r a t i n g  t h e  compression of  t h e  Southern.  
Therefore ,  t h e  t o t a l  volumnar compression o f  t h e  Southern Hemisphere would 
advance more r a p i d l y  than t h a t  o f  t h e  Northern, while t h e  p o l a r  compression 
o f  t h e  Southern ( a  ) would be r e l a t i v e l y  g r e a t e r  than t h a t  o f  t h e  Northern 

(a,), on account o f  which t h e r e  would a r i s e  a p o l a r  asymmetry i n  t h e  f i g u r e  

of t h e  e a r t h :  q = ( a  - -a  ) / 2 .  

The cause o f  such an unequal ra te  o f  change i n  the  

S 

S N  

Figure 8 i s  an i l l u s t r a t i o n  of t he  d i s t r i b u t i o n ,  r e l a t i v e  magnitude, and 
d i r e c t i o n  o f  t h e  deforming f o r c e s  f o r  t he  asymmetrical case.  I t  i s  o f  i n t e r e s t  
t h a t  i n  t h i s  scheme t h e  b e l t s  o f  mountains and f r a c t u r e s  are not  i n  balance--  
t h e  mountain b e l t  o f  35'N i s  b e t t e r  developed than i t s  southern ant ipode.  I t  
is  ev iden t  t h a t  he re  we have a s u f f i c i e n t l y  c l o s e  correspondence between t h e  
theory and t h e  f a c t s  o f  zonal d i s t r i b u t i o n  o f  t h e  main forms o f  t e r r e s t r i a l  
r e l i e f .  
some o f  t he  ques t ions  a r i s i n g  i n  connection with t h e  s t r u c t u r e  o f  t h e  t e r -  
r e s t r i a l  s u r f a c e .  

However, t h e  scneme we have adduced f a i l s  t o  supply an answer t o  

For an understanding o f  nonzonal meridional and segmentary p a t t e r n s  o f  
p l a n e t a r y  r e l i e f ,  i t  is  necessary t o  make allowance f o r  t h e  t r i a x i a l i t y  o f  
t he  f i g u r e  o f  t h e  e a r t h ,  and f o r  p o s s i b l e  changes i n  t h a t  t r i a x i a l i t y  during 
t h e  course o f  geo log ica l  h i s t o r y .  

What are t h e  causes o f  t h i s  t r i a x i a l i t y ?  Let us t r y  t o  answer t h i s  
ques t ion  by s tudy ing  t h e  h i s t o r y  o f  t he  "double planet"--Earth-Luna. 
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T h e  Past  History of t h e  Dual Planet  Earth-Luna; Consequences Thereof 

Our l l e t e r n a l "  s a t e l l i t e ,  t h e  moon, has ev iden t ly  no t  always been with 
us .  The moon was ev iden t ly  formed during an e a r l y  p regeo log ica l  s t a g e  o f  
t e r r e s t r i a l  h i s t o r y ,  be fo re  t h e  young e a r t h  had developed i t s  "skin", which 
w e  c a l l  t h e  e a r t h ' s  c r u s t .  By t h e  time o f  t h e  formation of  t h e  moon, t h e  
e a r t h  had a l r eady  achieved an age o f  0 . 8  - 1 . 0  b i l l i o n  y e a r s ,  having evolved, 
during t h a t  pe r iod ,  from t h e  pr imordial  p rep lane ta ry  gas-and-dust cloud which 
was t h e  c r a d l e  o f  every p l a n e t  i n  t h e  s o l a r  system1. 
t h a t  during t h e  formation o f  t h e  dual p l a n e t  Earth-Luna, t h e  component p a r t s  
were very c l o s e  t o  each o t h e r - - t h e  d i s t a n c e  was a l i t t l e  more than two and 
one-half  e a r t h  r a d i i 2 .  

An important p o i n t  is  

The common b i r t h  of t h e  e a r t h  and t h e  moon (and t h e r e f o r e  the  coin- 
cidence o f  t h e  e a r t h ' s  pe r iod  o f  a x i a l  r o t a t i o n  and pe r iod  o f  r evo lu t ion  
about t h e  e a r t h ) ,  which is  q u i t e  c o n s i s t e n t  with t h e  cosmogonic theory o f  
0 .  Yu. Shmidt, might have been t h e  u l t i m a t e  cause o f  i n t e r e s t i n g  geological  
e f f e c t s .  The unique cond i t ions  during the i n i t i a l  h i s t o r y  of  t he  e a r t h  
n e c e s s a r i l y  l e f t  some t r a c e s  on the  subsequent development o f  t h e  p l a n e t ,  both 
as regards s u r f a c e  f e a t u r e s  and as regards underlying s t r u c t u r e s .  

Let us assume t h a t  t h e  e a r t h  and t h e  moon move around a common c e n t e r  /38 
of mass, j u s t  as i f  they were jo ined  by an i n f l e x i b l e  rod,  and a l s o  t h a t  
t h e  c e n t e r s  of t he  e a r t h  and o f  t h e  moon both l i e  on a p r o j e c t i o n  of  t h e  
e q u a t o r i a l  p l ane  of  t h e  e a r t h 3 .  Let us assume, f u r t h e r ,  t h a t  t h e  moon i s  
a t  t h e  zen i th  f o r  a c e r t a i n  d e f i n i t e  p o i n t  W l y ing  a t  t h e  i n t e r s e c t i o n  o f  t h e  
equator  and t h e  165th meridian o f  west l ong i tude .  Then, f o r  t h e  an t ipoda l  
p o i n t  E ( O O N ,  l SOE) ,  t h e  moon w i l l  be a t  t h e  n a d i r .  Since t h e  t ide-forming 
f o r c e  i s  i n v e r s e l y  p ropor t iona l  t o  the cube of  t h e  d i s t a n c e  between c e l e s t i a l  
bod ie s ,  decreasing the  earth-moon d i s t a n c e  by a f a c t o r  of  l / n  w i l l  mean 

3 i n c r e a s i n g  t h a t  fo rce  by a f a c t o r  of n . Therefore ,  t h e  a t t r a c t i o n  of  t h e  

' Ye. P .  Razbitna (1954) estimates t h e  age o f  t h e  moon t o  be 85% t h a t  o f  t h e  
e a r t h ,  on the  b a s i s  o f  0 .  Yu. Shmidtls theory.  Assuming t h e  age o f  t h e  e a r t h  
t o  be (6.5 - 5) * l o 9  yea r s  (here  the  upper f i g u r e  is  t h a t  o f  Shmidt, 1955, t h e  
lower t h a t  o f  A .  'P. Vinogradov, 1955), we must conclude t h a t  t h e  moon i s  0 . 0  - 
0 . 8  b i l l i o n  yea r s  younger than t h e  e a r t h .  

The dual system Earth-Luna could no t  have been formed i f  t h e  d i s t a n c e  were 
smaller than t h i s ,  as was demonstrated by t h e  astronomer Roche i n  1850--for 
t h e  moon would have been destroyed by t h e  c a t a s t r o p h i c  t i d a l  a c t i o n  o f  t h e  
e a r t h .  
t h a t  t h e  moon was formed by t h e  t e a r i n g  o f f  o f  a p i e c e  o f  t h e  e a r t h ' s  mass. 
S imi l a r  hypotheses were made by G .  H. Darwin and N .  I .  Leonov (1949). We 
cannot acknowledge t h e  v a l i d i t y  o f  any geo log ica l  conclusions based on such 

3According t o  G .  Kuiper (1956), t n e  sa te l l i t es  were formed through gradual 
accumulation o f  s o l i d  p a r t i c l e s  
p l a n e t s .  

I t  i s  p r e c i s e l y  f o r  t h i s  reason t h a t  we cannot e n t e r t a i n  t h e  hypothesis  

hypo t h  P == P c 

in the equatorial planes of t h e  primary 
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moon must have caused a powerfu'l i n i t i a l  deformation of  t h e  body of t h e  
ear th- -a  s p e c i a l  s o r t  of t i d e  i n  t h e  form o f  two t i d a l  c r e s t s  communicating 
t o  t h e  f i g u r e  o f  our  p l a n e t  an e longat ion  d i r e c t e d  toward t h e  moon (Figure 9 ) .  

The maximum he igh t  o f  t h e  t i d a l  wave was achieved a t  p o i n t s  W and E ,  t n e  
maximum depth a t  t h e  c i r c l e  o f  meridian 105'E - 7 5 O W .  This was no t  a l i q u i d  
t i d e ,  s i n c e  t h e  hydrosphere which surrounds t h e  s o l i d  p o r t i o n  o f  t h e  e a r t h  
today obviously d id  no t  then  e x i s t ;  i t  was a t i d e  i n  t h e  predominantly s o l i d  
p o r t i o n  o f  t h e  p l a n e t ,  which, he re  and t h e r e ,  may have contained some f a i r l y  
ex tens ive  molten p o r t i o n s  o f  rad iogenic  o r i g i n .  
proximity o f  t h e  moon and t h e  e a r t h ,  t h e  he igh t s  of  t h e  two waves were not  
t h e  same--the h ighe r  was i n  t h e  sublunar  hemisphere, t he  lower i n  t h e  oppos i t e  
hemisphere. This i n e q u a l i t y  of  t h e  hemispheres,  under condi t ions  o f  t h e  
j o i n t  formation o f  t h e  e a r t h  and i t s  near  neighbor  t h e  moon, may have been 
very l a r g e  (Figure 1 0 ) .  The "one-sided" t i d a l  e f f e c t  o f  t h e  moon on t h e  e a r t h  
ev iden t ly  continued a long while ,  and t h i s  may have l e d  t o  a q u i t e  profound 
asymmetry o f  mass d i s t r i b u t i o n  wi th in  t h e  t i d a l  t r i a x i a l  e l l i p s o i d  with 
r e spec t  t o  t h e  meridional  l ane  perpendicular  t o  t h e  l i n e  j o i n i n g  t h e  c e n t e r s  
of t he  e a r t h  and t h e  moon.' A s  a r e s u l t  o f  f u r t h e r  development o f  t h e  e a r t h -  
moon system, t h e r e  appeared, f irst  o f  a l l ,  an imbalance (asynchronic i ty)  of 
t h e  pe r iods  o f  a x i a l  r o t a t i o n  o f  t h e  e a r t h  and t h e  r o t a t i o n  o f  the  moon around 
t h e  e a r t h ,  and, secondly,  an inc rease  i n  t h e  r ad ius  o f  the  lunar  o r b i t .  

A s  a consequence o f  t h e  

P r e c i s e l y  what could have produced these  events?  Evident ly  only an 
in 'crease i n  r o t a t i o n a l  v e l o c i t y ,  and, consequent ly ,  a decrease  i n  the  e a r t h ' s  
per iod  of r o t a t i o n  a s  a r e s u l t  o f  i t s  mean r ad ius  and consequent a c c e l e r a t i o n  
of t h e  moon's motion around t h e  e a r t h .  By Newtonts t h i r d  l a w ,  both o f  t h e  two 
t i d a l  protuberances on t h e  e a r t h  formed by t h e  moon i n  t h e i r  t u r n  e x e r t  a 
g r a v i t a t i o n a l  a t t r a c t i o n  upon t h e  moon. The a t t r a c t i o n  o f  t h e  nea re r  pro-  
tuberance w i l l  produce an a c c e l e r a t i o n ,  t h a t  of  t h e  f a r t h e r  one a r e t a r d a t i o n ,  
of t h e  o r b i t a l  motion o f  t h e  moon. But s i n c e  t h e  a t t r a c t i o n  o f  t h e  p ro tube r  - 
ance n e a r e r  the  moon i s  s t r o n g e r ,  t h e  moon's motion becomes -progress ive ly  
' f a s t e r ,  and t h e  s a t e l l i t e  begins  t o  move away from t h e  e a r t h .  Thus, t h e  
luna r  o r b i t  desc r ibes  a s o r t  of  s p i r a l  i n  t ime and space .  Howeyer> s i n c e  
according t o  Kepler ' s  t h i r d  l a w  t h e  square o f  t h e  pe r iod  of t he  moon's 
r o t a t i o n  i s  p ropor t iona l  t o  t h e  cube of  i t s  d i s t a n c e  from t h e  e a r t h ,  then ,  
a long with inc rease  i n  the  r ad ius  of  t h e  luna r  o r b i t ,  there w i l l - b e  a decrease 
i n  t h e  moon's o r b i t a l  v e l o c i t y .  Meanwhile, t h e  g r a v i t a t i o n a l  a c t i o n  o f  t h e  
moon on t h e  t i d a l  protuberances on t h e  e a r t h  w i l l  l ead ,  a t  f irst ,  t o  a sharp  

a c t u a l  reduct ion  o f  t h a t  motion, and, consequently,  t o  an inc rease  i n  t h e  
e a r t h ' s  r o t a t i o n  pe r iod  (Figure 1 2 ) .  

reduct ion  i n  t h e  r a t e  of i n c r e a s e  i n  r o t a t i o n a l  motion, and l a t e r  on t o  an - L41 

Before t h e  formation o f  t h e  moon, and a l s o  i n  t h e  pe r iod  when t h e  moon 
c i r c l e d  t h e  e a r t h  once a day, no such s i t u a t i o n  a s  we have descr ibed  he re  
e x i s t e d .  The formation of  t h e  moon, t h e r e f o r e ,  was a r evo lu t iona ry ,  c r i t i c a l  
event  i n  t h e  h i s t o r v  nf  t h e  e a r t h ,  
7 A d i r e c t  e s t ima te  o f  t h e  du ra t ion  o f  t h i s  i n f luence  i s  d i f f i c u l t  t o  make. 

I n d i r e c t  cons idera t ions  [See pages 3 and 4 )  sugges t  a pe r iod  o f  l o 3  - 10 
yea r s .  

6 
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F i g u r e  9. Asymmetr ical- t r iaxial  Tidal E l l i p s o i d .  0 - Center o f  Mass 
of Earth;  C - Center of Mass o f  Earth and S u n .  T h e  Figures  Along t h e  
Equator on t h e  L e f t  Denote t h e  Distances of t h e  C i r c l e s  and Centers o f  
Deformation From t h e  Meridian of t he  Minor Axis of t h e  Tidal E l l i p -  
s o i d ;  On t h e  R i g h t  t h e y  Denote t h e  Distances  from t h e  Greenwich 
Meridian. T h e  Arrows Denote t h e  P o s i t i o n ,  Direct ion and Rela t ive  
Magnitude of  t h e  Maximal Ver t ica l  and Horizontal  Components of t h e  
Tide-Forming Forces.  

Following t h e  divergence of t h e  pe r iods ,  t h e  p ro la t eness  of t h e  p l a n e t  
and t h e  nonuniformity of i t s  d i s t r i b u t i o n  of mass i n  t h e  long i tud ina l  
d i r e c t i o n  g radua l ly  disappeared,  s i n c e  t h e  uns t ab le ,  asymmetrical t r i a x i a l  

The r a d i a l  and t a n g e n t i a l  f o r c e s  a r i s i n g  dur ing  t h i s  process  a r e  shown i n  
Figure 13. I f ,  a t  t h i s  s t a g e  i n  i t s  development, t h e  e a r t h  had been molten- 
l i q u i d  i n  s t r u c t u r e ,  then  t h e  t ide- induced  t r i a x i a l i t y  and asymmetry of  t h e  

body of t h e  p l a n e t  and i n  t h e  l i t hosphe re ,  would have been e l imina ted  r a t h e r  
qu ick ly ,  and c e r t a i n l y  would no t  have been maintained u n t i l  our own t i m e .  But 
a c t u a l l y  t h e  process  of evening out  t h e  major and minor axes  and t h e  asymmetry 
of  t h e  major semiaxes of t h e  t i d a l  e l l i p s o i d  were drawn out over a very  long 
pe r iod  l a s t i n g  even t o  t h e  p re sen t  day, and showing i t s e l f  i n  t h e  most va r i ed  
s o r t s  of tectonic:phenomena. The p u l s a t i o n a l ,  o s c i l l a t o r y  cha rac t e r  of t h i s  

f i g u r e  of t h e  e a r t h  w a s  s t r i v i n g  t o  assume a more s t a b l e  conf igu ra t ion .  /42 

Eastern  and Western Hemispheres, along with t h e  a s soc ia t ed  s t r e s s e s  i n  t h e  -- 143 
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F i g .  10. I l l u s t r a t i o n  o f  t he  Change i n  the  Asymmetry o f  the  Major  Ax is  o f  
t he  T i d a l  E l l i p s o i d  o f  t he  Ear th ,  as a Func t ion  o f  t he  Earth-Moon D is tance:  
h/h i s  t h e  R a t i o  o f  t he  He igh ts  of Tides a t  Those Po in ts  Where the  Moon I s  

a t  t h e  N a d i r  and the  Zen i th ;  r i s  the  Earth-Moon D is tance i n  F rac t i ons  of t he  
E a r t h ' s  Radius. The S t i p l e d  P o r t i o n  Represents Dis tances Beyond the  Roche 
L i m i t .  

0 
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F ig .  12. 
n i n g  w i t h  the  Formation o f  the  Ear th,  i n  B i l l i o n s  o f  Years; P - Periods of A x i a l  Rocation of the  
Ear th  (Broken L ine)  and O r b i t a l  Movement o f  the Moon ( S o l i d  L ine)  Around the  Earth;  r - Dis tance 
Between the  Ear th  and the  Moon, i n  K i lometers,  and i n  Frac t ions  of the  E a r t h ' s  Radius; +; - Varia- 
t i o n  i n  the  Per iod o f  A x i a l  Rota t ion  o f  the  Ear th ( F i r s t  Approximation); *+< - V a r i a t i o n  i n  the  
Per iod  o f  A x i a l  Rota t ion  o f  the  Ear th  (Second Approximation). 

Graphs I l l u s t r a t i n g  the  Past and Future o f  the Earth-Luna Double P lanet ;  t - Time, Begin- 



grandiose process  a f f e c t i n g  t h e  e n t i r e  p l a n e t  was a s s o c i a t e d  with both i n t e r n a l  
and e x t e r n a l  g r a v i t a t i o n a l  i n f luences  o f  t h e  moon and o f  t h e  sun, which 
hindered a t t e n u a t i o n  o f  t h e  process  and a f i n a l  r e s o l u t i o n  o f  t h e  long i tud ina l  
nonhomogeneity i n  t h e  d i s t r i b u t i o n  o f  mass. 

F i g .  13. D i s t r ibu t ion  of  t h e  Deforming 
Forces i n  t h e  Body of  t h e  Asymmetrical- 
T r i a x i a l  Earth ( W i t h  Decrease i n  
Equator ia l  Compression and East-West 
Compression) W i t h  Respect to  t h e  Meri- 
dional Plane of t h e  Minor Equator ia l  
Axis: 

A K  - Frac tures  Surrounding Afr ica  
TK - Frac tures  Surrounding t h e  

Paci f i c .  

I n  view o f  the fact  t h a t  
t h e  major axis of the t r i a x i a l  
t e r res t r ia l  e l l i p s o i d  co inc ides  
wi th  t h e  P a c i f i c  - Afr ica  a x i s ,  
and t h e  conclusions t h a t  de r ive  
from t h a t  f a c t  , t h e  fol lowing 
b a s i c  conclusions are j u s t i f i e d ,  
The most important  t e c t o n i c  con- 
sequences o f  equa l i z ing  t h e  
major and minor axes were as 
fo l lows:  1)  t he  lay ing  o f  t h e  
Great ,  o r  P a c i f i c  Ocean, 
enclosed between c r i t i c a l  
c i r c l e s ;  2 )  the r i s e ,  w i th in  
t h i s  b e l t ,  o f  t h e  cont inents  of 
Euras ia ,  A u s t r a l i a ,  An ta rc t i ca  
and t h e  two Americas; 3) t h e  
formation o f  an t ipodal  Circum- 
P a c i f i c  and Circum-African b e l t s  /45 
of  mountains and f r a c t u r e s  
wi th in  t h e  zones of  i n f luence  o f  
t h e  western and Eastern c r i t i c a l  
c i r c l e s ' .  The asymmetry o f  t h e  
major semiaxes and i t s  reduct ion  
a r e  a s soc ia t ed  wi th  s e v e r a l  
f a c t o r s :  1)  t h e  t e c t o n i c  and 
se i smic  asymmetry o f  t h e  Circum- 
P a c i f i c  and Circum-African 

- 

mountain b e l t s ;  2)  t h e  r e l a t i v e  r e t a r d a t i o n  o f  t h e  Afr ican segment a s  compared 
with t h e  P a c i f i c  i n  t h e  process  o f  i t s  genera l  subsidence--a f a c t o r  which 
occasioned t h e  appearance o f  a p o s i t i v e  form o f  p l ane ta ry  r e l i e f  ( t he  
cont inent  o f  Af r i ca ,  c o n s i s t i n g  o f  s t r u c t u r e s  an t ipodal  t o  the  Great Ocean; /46 - 

__ - - - - - -_ ._ - _ _ _ _ _ ~ - _ _ _ _ _ _  
IThese  c r i t i c a l  l i n e s  a r e  p a r a l l e l  t o t h e  meridian of  t h e  minor e q u a t o r i a r  
a x i s  (105 - 75'), being d i s t a n t  from it by an angle  o f  3 5 ' .  Thei r  d i r e c t i o n  
v a r i e s  from t h e  meridional  (c lose  t o  the  equator )  t o  the  east-west  (c lose  t o  
t h e  55th p a r a l l e l ,  no r th  and s o u t h ) .  
refer t o  these  l i n e s  a s  "submeridional". 

Subsequently,  i n  t h i s  t e x t  we s h a l l  
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3) t h e  formation (compensational) on t h e  pe,riphery o f  t he  Afr ican cont inent  
o f  t h e  Indian and i n  p a r t  t h e  At l an t i c  Oceans, and also t h e  Mediterranean 
Sea; and 4) t h e  general  asymmetry o f  t h e  geological  h i s t o r y  o f  t h e  Pacif ic  
and Afr ican Hemispheres, as expressed i n  t h e  well-known c o n t r a s t  o f  t h e i r  
s t r u c t u r a l  developments. 

Thus, the formation of a meridionaZ continentaZ beZt, the Great Ocean, 
and Africa,  appears t o  t h i s  wr i ter  t o  have been induced by the  act ion of the 
moon. 
i s  hidden also the answer t o  the r iddle  of the Circwn-Pacific and C i r m -  
African beZts of mountains and Fractures. 

I n  the past  his tory of the  deveZopment of the Earth-Luna double pZanet 1 
1 

Minor equa to r i a l  a x i s  
1 

l0,J 

Major Axis 

I nd  i an-- 
Ocean 

E 15" 

At l an t i  
Oce,an 

W of Equator 

-75"  

Meridlonal Plane 

F i g .  14.  Abyssal Movements Within the  Mantle, and  Deformqttons o f  t h e  Upper 
1 Port ions o f  t h e  Mantle Associated W i t h  Primary T r i a x i a l i t y  and Asymmetry of 
I t h e  E a r t h ' s  Figure Induced by t h e  Action o f  t h e  Moon. 

Active C i rc l e s  and Centers of  Deformation of t h e  T e r r e s t r i a l  E l l i p s o i d  

On account o f  t h e  cons t an t ly  accumulating changes t ak ing  p l ace  i n  the  
i n t e r n a l  s t r u c t u r e  of t h e  e a r t h ,  t he  dimensions and r o t a t i o n a l  v e l o c i t y  o f  
t h e  p l a n e t  have i n e v i t a b l y  become q u i t e  d i f f e r e n t  from what they o r i g i n a l l y  
were. More s p e c i f i c a l l y ,  t h i s  has been due t o  changes i n  t h e  p l ane ta ry  f i g u r e  
as regards t h e  appearance of  new values f O r K  R and w--a r econs t ruc t ion  
accompan.ied by a s h i f t i n g  o f  masses a f f e c t i n g  every l a y e r  o f  t h e  p l a n e t .  i '  
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TABLE 2 

Geosphere Equa to r ia l  Zone Temperate Zone Above 35"  1 Po la r  Zone 

Subcrusta l  sub- 
s tance 
(as thenosphere) 

( 1  i thosphere) 
E a r t h ' s  c r u s t  

Up1 i f t  fo l  lowed 
by subsidence 

Ocean, (hydro- 
sphere) 

Subsidence f o l  lowed 
by u p l i f t  

L i thosphere 

A b s o l u t e  M o v e m e  

Subs i dence 

Subs i dence 
( i n s  i gni  f i  cant )  

Subsidence 

Up1 i f t  ( i n s i g n  

up1 i f t  ( i n s  i gn 

n t s  

f i cant )  

f i c a n t .  
f o l l o w i n g  subcrus ta l )  

U p l i f t ,  o n l y  t o  some 
degree pushing the  
1 i thosphere, and i n  
some p laces o v e r t a k i n g  
i t ;  e p i c o n t i n e n t a l  
inundat ion  

Up1 i f t  

UPI i f t  ( i s o s t a t i c a l l y  
f o l  lowing subc rus ta l  
mas ses ) 

Up1 i f t  ( w i t h  respect  
t o  the  1 i thosphere, 
as i n  the  temperate 
zone). 

Subsidence f o l  lowed 
by u p l i f t  ( t h e  
former predominant) 



The t ransformat ion  began f irst  i n  t h e  atmohydrosphere, t h e  e a r t h ' s  most 
mobile po r t ion ,  then spread  t o  t h e  most p l i a b l e  p a r t  o f  t h e  l i t hosphe re ,  
where i t  occasioned t h e  beginning o f  t e c t o n i c  movements (Table 2 ) .  
o f  t h e  mantle were most pronounced i n  t h e  subc rus t a l  po r t ion ,  where t h e  thermal 
condi t ions  f o r  s h i f t i n g  the  component masses of  t he  mantle (which, on t h e  
whole, were s o l i d )  were ev iden t ly  most favorable .  Nevertheless  the movements 
i n  t h e  subc rus t a l  l e v e l  appeared l a t e r  than those  i n  t h e  atmohydrosphere. 
As is evident  from Figures  8 and 13, maximal r a d i a l  and t a n g e n t i a l  d i sp l ace -  
ments a r i s i n g  during change i n  t h e  e a r t h ' s  ' f igure  a r e  disposed i n  b e l t s  which 
a r e  "drawn to"  c e r t a i n  d e f i n i t e  a c t i v e  c i r c l e s  and cen te r s  o f  t he  t e r r e s t r i a l  
e l l i p s o i d .  
maximum, a r e  c a l l e d  "extremal", and t h e  c i r c l e s  which i n t e r l o c k  with them, 
where t h e  r a d i a l  movements reverse  t h e i r  s i g n ,  a r e  c a l l e d  t l c r i t i c a l ' '  (Fig.  1 5 ) .  /48  

Movements 

These a c t i v e  c i r c l e s ,  a t  which t h e  r a d i a l  movements achieve a 

__ 

Western , 
Ocean i c H e m i  s p h e r e  

Eastern 
Cont inenta l .  Hemisphere 

F i g .  15. C i r c l e s  and Deformation Centers of t h e  Asymmetrical-Triaxial 
Cardioidal Earth.  
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Extrema1 c i r c l e s  of t h e  t e r r e s t r i a l  e l l  i p so id :  

1 )  4 ,  = 0" ( e q u a t o r ) ,  

2 ,  3) 4 = k 61" 52 '  28" (+62")  a r e  t h e  northern epeirogenic and t h e  e 
sou t h e  r n tha Zassogenic para Z Ze 2, 

4) X e  = 105" - 75" is  t h e  epeirogenic meridian. T h i s  meridian is  a 

physical  e n t i t y  s e p a r a t i n g  t h e  Western and Eastern hemispheres--not a f i c t i -  
t i o u s  e n t i t y  l i k e  t h e  meridian of Greenwich. 

Ex t rema 1 cente-rs ~ 

5 ,  6 )  = ? 90" (North and South P o l e s ) ;  

7 ,  8) (@e = 0 " ,  X e  = 1 5 " ) ,  ( +e = 0 " ,  le = -165") a r e  t h e  p o l e s  of the 

Eastern and Western Hemispheres, 

= -75") a r e  t h e  Siberian 'e 9 ,  10) ( @ e  = 6 2 " ,  X e  = 105" ) ,  ( Q  e = 62" ,  

and Canadian epeirogenzc centers.  

Cr i ti  ca 1 .  c i - r c l e s j  

1 1 ,  12)  @e = k 35'15'52" (k35") a r e  t h e  northern and the southern 

orogenic paraZZell; 

13, 14) Q = + 71"39' (k71") a r e  t h e  northern and the southern circwn- e 
poZar paraZleZ--the t h e o r e t i c a l  boundary between t h e  northern con t inen t s  and 
t h e  po la r  ocean, and the Southern Ocean and t h e  Polar  Cont inent ;  

15, 16) the western (Circwn-Pacific) and eastern (Circwn-African) 
orogenic circles--the t h e o r e t i c a l  1 i m i  t between t h e  P a c i f i c  and African s e g -  
m e n t s ,  on t h e  one hand, and t h e  meridional b e l t  of c o n t i n e n t s ,  on t h e  o t h e r ;  
these c i r c l e s ,  a s  a r e s u l t  of t h e  i n t e r a c t i o n  o f  t h e  extrema1 cen te r s  (5 ,  6 )  
w i t h  t h e  c r i t i c a l  cen te r s  (11, 12, 15, 1 6 ) ,  form t h e  c r i t i c a l  meridians of 
maximum tangen t i a l  s t r e s s e s :  

1 7 ,  18) X = 60"--120°, 150"--30". 
0 

As a r e s u l t  o f  t h e  imposi t ion and i n t e r a c t i o n  of  zonal and meridional 
s t r e s s e s  a t  p o i n t s  where a c t i v e  p a r a l l e l s  and a c t i v e  meridians i n t e r s e c t ,  

g r e a t e s t .  I n t e r a c t i o n  between zonal and meridional t e c t o n i c  waves r e s u l t s  
t h e r e  a r i s e  cen te r s  o f  deformation, where movements o f  the l i t h o s p h e r e  a r e  - /50 

Epeiro-,  t ha l a s so -  and orogenesis ,  a r e ,  r e s p e c t i v e l y ,  t h e  processes  of t h e  
formation o f  con t inen t s ,  oceans and mountains. 
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I 

i n  unevenness o f  deformation o f  the l i t hosphe re ,  even a t  the boundaries o f  one 
and t h e  same t e c t o n i c  b e l t .  This accounts f o r  t h e  va r i ega t lon  and mosaic 
c h a r a c t e r  ( i s o m e t r i c i t y )  o f  t h e  p l an  of t e r r e s t r i a l  t e c t o n i c s ,  and t h e  zonal 
p r o v i n c i a l  c h a r a c t e r  o f  t h e  r e l i e f  o f  t h e  e a r t h ' s  s u r f a c e .  

T h e  E f fec t  of T w i s t i n g  o f  t h e  E a r t h ' s  Surface Around t h e  Axis of  Rotation 
\ 

Apart from t h e  t a n g e n t i a l  fo rces  descr ibed  above (assoc ia ted  wi th  change 
i n  t h e  f i g u r e  of  t h e  e a r t h ,  and d i r e c t e d  along t h e  meridians and p a r a l l e l s  o r  
ob l ique ly  t o  them) t h e r e  e x i s t  o the r s  which, depending upon t h e  d i r e c t i o n  o f  
t h e  r a d i a l  movement ( u p l i f t  o r  subsidence)  d i sp l ace  masses t o  t h e  e a s t  o r  t o  
t h e  west .  These fo rces  a r i s e  upon changes i n  t h e  l i n e a r  r o t a t i o n a l  v e l o c i t y  
(u) which are caused by s h i f t s  i n  t h e  angular  v e l o c i t y  o f  r o t a t i o n  (w) o r  i n  
t h e  rad ius  o f  t h e  p a r a l l e l  ( r ) .  I t  i s  known t h a t  

whence 

h 1L 

11 

Ar + 7'  

r e  1 a t  i ve  change r e l a t i v e  change re 1 a t  i ve  change 
i n  l i n e a r  velo- i n  angular  velo- i n  radius  of 
c i t y  o f  ro t a t ion  c i t y  of ro t a t ion  the p a r a l l e l  

When there i s  radial! subsidence (or u p l i f t )  of any mass of the pzanet, 
there ar i se s  an additional tangential! force which shifts the mass t o  the 
eas t  ( o r  wes t ) .  The magnitude o f  t h a t  force  ( F )  i s  def ined by t h e  fol lowing:  

1 

t 
where m i s  the  mass, A w / A t  is  t h e  a c c e l e r a t i o n  ( o r  d e c e l e r a t i c n )  o f  r o t a t i o n ,  
and A r / A t  i s  t h e  r a t e  o f  change o f  t he  r ad ius  of t h e  p a r a l l e l .  

Applying these  r e l a t i o n s  t o  s e c u l a r  r a d i a l  movements o f  zones o f  t h e  
g 

t e r r e s t r i a l  card iod ,  and assuming t h a t  r e l a t i v e  r a d i a l  u p l i f t s  o f  t h e  l i t h o -  
sphere i n  t h e  Southern Hemisphere a r e  maximal a t  about t h e  60th p a r a l l e l ,  we 
can formulate  t h e  fo l lowing  l a w :  w i th in  t h e  general  r o t a t i o n a l  movement toward 
t h e  e a s t  is  included a r e l a t i v e  l a g  o f  t h e  nor thern  zones and a r e l a t i v e  

/51 
\ 1 

advance of t h e  southern  zones. 
magnitude a s  one moves from t h e  equator  t o  p a r a l l e l  6Z0, and from t h e  poles  t o  

Moreover, t h e s e  two phenomena inc rease  i n  

I 
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p a r a l l e l  62 ' .  There i s  thus ,  a r e l a t i v e  s h i f t  o f  both hemispheres along t h e  
l t r a i l s l f  o f  t h e  p a r a l l e l s  i n  the  60 ' s :  t h e  no r the rn  Hemisphere s h i f t s  t o  t h e  
west, and southern t o  t h e  e a s t .  This produces an S-shaped deformation of 
t h e  e n t i r e  system o f  meridional and submeridional a c t i v e  circles,  s o  t h a t  t h e  
e a r t h ' s  s u r f a c e  experiences a t w i s t i n g  around t h e  t e r r e s t r i a l  a x i s .  This 
phenomenon has been of enormous importance i n  shaping t h e  general  f e a t u r e s  
observed on t h e  p l a n e t a r y  s u r f a c e  today (Figure 1 6 ) .  

T h e  E f fec t  of  Equatorial  

r o t a t i o n a l  v e l o c i t y .  The pos- 

a c c e l e r a t i o n  a r e  t h e  fol lowing:  
F i g .  16. S-Shaped Deformation of t h e  s i b l e  e f f e c t s  o f  t h i s  e q u a t o r i a l  
Axes of the S t r u c t u r a l  Belts of t h e  
Earth Aris ing From t h e  T w i s t i n g  E f f e c t .  

1 )  t he  c re scen t  shape o f  
South America and Af r i ca ,  which 

a r e  convex toward t h e  e a s t  a.nd concave toward the  west;  

2)  t h e  s h i f t  o f  t h e  g e n e t i c  (and geometric) c e n t e r s  o f  South America 
and Af r i ca  eastward from t h e  meridional axes ( 7 5 O  W and 1 5 ' E ) ;  and 

3) t he  " ro t a t ion"  o f  A u s t r a l i a  i n  a clockwise d i r e c t i o n  and o f  Ind ia  
i n  t h e  oppos i t e  d i r e c t i o n .  

T h e  E f fec t  of Successive S e c t o r i a l  Compressions and S t r e t ch ings  of t h e  
L i thosphere 

From t h e  law o f  the  p re se rva t ion  o f  r o t a t i o n a l  moment we can deduce 
s t i l l  another  i n t e r e s t i n g  t e c t o n i c  r e s u l t .  Let us consider  t h e  i n t e r a c t i o n  
o f  t h r e e  mutually pe rpend icu la r ,  s h i f t i n g ,  s e c t o r s  o f  t h e  l i t h o s p h e r e  , t h e  
c e n t r a l  r i s i n g  one be ing  bounded by one on the  e a s t  and another  on t h e  west.  
Since t h e  c e n t r a l  ( c o n t i n e n t a l )  s e c t o r  acqu i r e s  a tendency t o  s h i f t  t o  t h e  
west,  while  t he  o u t e r  ' (oceanic) s e c t o r s  tend t o  s h i f t  t o  t h e  e a s t ,  i t  i s  
obvious t h a t  i n  such a s i t u a t i o n  t h e  western boundary o f  t h e  con t inen t  w i l l  
be sub jec t ed  t o  b i l a t e r a l  compression, t h e  e a s t e r n  boundary t o  b i l a t e r a l  
s t r e t c h i n g  i n  t h e  east-west  d i r e c t i o n .  On t h e  b a s i s  o f  t h i s  mechanism w e  can 
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e x p l a i n  t h e  e a r t h  I s  meridional and submeridional f r a c t u r e s ,  foredeeps,  i s l a n d  
arcs and cha ins ,  and arch ipe lagoes- -s t ruc tures  which, as i s  well-known, a r e  
found predominantly on t h e  e a s t e r n  s i d e s  o f  c o n t i n e n t s .  We can a l s o  expla in ,  
i n  p a r t i c u l a r ,  t h e  s t r e t c h i n g  o f  t h e  l i t h o s p h e r e  and t h e  presence o f  t h e  rift 
v a l l e y s  o f  East Africa. 

T h e  Pulsa t ing  Body and Figure of t h e  P lane t .  Pulse-Wave Osci 1 l a t o r y  Movements 

The p u l s a t i o n  geotec tonic  hypothesis  i n  i t s  classical  form (W.H. Bucher, 
1933, M .  A .  Usov, 1940, V .  A .  Obruchev, 1940) i s  unable t o  e x p l a i n  t h e  r e g u l a r  
d i s t r i b u t i o n  o f  r a d i a l  and t a n g e n t i a l  stresses which w e  observe i n  a f e w  
predominant d i r e c t i o n s ,  without  invoking t h e  f a c t o r  o f  t e r r e s t r i a l  r o t a t i o n .  
General ly  speaking,  t h e  t a n g e n t i a l  s t r e s s e s  which a r i s e  with e a r t h  p u l s a t i o n  
a r e  equal i n  a l l  d i r e c t i o n s .  

-_ /53 

Consequently, i f  w e  accept  t h e  p u l s a t i o n  hypothes is ,  then t h e  formation 
o f  geosyncl ines  and t h e  d i s t r i b u t i o n  of mountain systems have t o  be regarded 
as pure ly  random phenomena. But i f  t h a t  were s o ,  t h e  s t r u c t u r e  o f  t h e  e a r t h ' s  
var ious  b e l t s ,  o r i e n t e d  as they a r e  with respec t  t o  the  r o t a t i o n a l  a x i s ,  
would be incomprehensible.  I t  i s  s c a r c e l y  s u r p r i s i n g  t h a t  n e i t h e r  Bucher 's  
n o r  Obruchev's formulat ions expla in  t h e  s t r u c t u r e  p lan  o f  t h e  e a r t h ,  o r  even 
t a k e  it i n t o  account .  

The s e c r e t  o f  t h e  formation o f  t h e  s t r u c t u r a l  p l a n  o f  t h e  l i t h o s p h e r e  
i s  simply t h a t  e a r t h  p u l s a t i o n s  have exer ted  an e f f e c t  on t e r r e s t r i a l  r o t a -  
t i o n .  This e f f ec t  i s  def ined  by t h e  law o f  t h e  conservat ion of  moment of  
r o t  a t  i on  ; 

where K is  a c o e f f i c i e n t  depending on t h e  s t r u c t u r e  of  t h e  p l a n e t  ( d i s t r i -  
b u t i o n  o f  d e n s i t i e s  a long t h e  r a d i u s ) l ,  M i s  t h e  mass o f  t h e  e a r t h ,  R is  t h e  
mean rad ius  o f  t h e  e a r t h ,  w i s  t h e  angular  v e l o c i t y  of  r o t a t i o n ,  and a i s  t h e  
p o l a r  compression. 

Actua l ly ,  any change i n  t h e  mean rad ius  o r  i n  t h e  d i s t r i b u t i o n  o f  
d e n s i t i e s  wi th in  t h e  e a r t h  w i l l  produce a change i n  t h e  angular  v e l o c i t y  o f  
r o t a t i o n .  I f  t h e  r a d i u s  c o n t r a c t s ,  t h e  v e l o c i t y  w i l l  i n c r e a s e ,  and v i c e  
versa .  On t h e  o t h e r  hand, compaction of t h e  e a r t h ' s  i n t e r i o r  mater ia l ,  which 
occurs  i n  t h e  course of  t i m e  (as a r e s u l t  of r e d i s t r i b u t i o n  o f  masses along 

I The value o f  t h i s  c o e f f i c i e n t  l ies  somewhere between 0.400 (assuming uniform 
d i s t r i b u t i o n  o f  d e n s i t y  a long t h e  r a d i u s )  and 0.133 (assuming t o t a l  mass t o  
b e  a t  t h e  c e n t e r ) .  The a c t u a l  f i g u r e ,  f o r  t h e  e a r t h  as it e x i s t s  today, is  
0.331. F o r  p l a n e t s  o f  our  own s o l a r  system, t h e  h i g h e s t  value is  found i n  t h e  
case o f  Mars (0.356) and t h e  lowest value i n  t h e  case o f  Sa turn  (0.1683).  

. - .- 
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t h e  r a d i u s  and i n c r e a s e  i n  d e n s i t i e s  o f  t h e  c e n t r a l  p a r t s  o f  t h e  p l a n e t )  leads 
t o  a reduct ion o f  t h e  s t r u c t u r a l  c o e f f i c i e n t  K, and, consequently,  t o  acce l -  
e r a t i o n  o f  r o t a t i o n ,  accompanied by an i n c r e a s e  i n  p o l a r  compression and 
asymmetry i n  t h e  f i g u r e  o f . t h e  e a r t h .  

The epochs o f  t e r r e s t r i a l  expansion, on t h e  con t r a ry ,  are accompanied 

/54 
by s t r e t c h i n g  o f  t h e  l i t h o s p h e r e ,  d e c e l e r a t i o n  o f  r o t a t i o n ,  and reduct ion 
of p o l a r  compression and asymmetry o f  t h e  planet--which i s ,  o f  course,  only - 
another  change i n  t h e  t e r r e s t r i a l  f i g u r e .  The f i g u r e  o f  t h e  e a r t h  a t  such 
t imes is  c l o s e r  t o  t h e , s p h e ' r i c a l  than during pe r iods  o f  more marked compres- 
s i o n ,  when t h e  p o l a r  ob la t eness  i s  p a r t i c u l a r l y  g r e a t .  

One might expect t h a t  t i d a l  braking o f  t e r r e s t r i a l  r o t a t i o n  was g r e a t e r  
during pe r iods  o f  expansion than during pe r iods  o f  compression. Actual ly ,  t h e  
magnitude o f  t i d a l  f r i c t i o n  depends p r e t t y  l a r g e l y  upon t h e  a r e a  o f  shallow 
water on t h e  p l a n e t ,  and t h i s  i s  a f a c t o r  which has v a r i e d  over  t h e  course 
o f  geologic  h i s t o r y :  s p e c i f i c a l l y ,  i t  has been g r e a t e r  during epochs o f  
ex tens ive  marine t r a n s g r e s s i o n  (which coincide with epochs o f  expansion) , and 
sma l l e r  during epochs o f  marine r eg res s ion  (which coincide with epochs of 
compression). 

Thus it i s  c l e a r  t h a t  epochs o f  compression and expansion are d i r e c t l y  
c o r r e l a t e d  with epochs o f  corresponding a l t e r a t i o n  o f  r o t a t i o n a l  v e l o c i t y ,  
p o l a r  compression, and asymmetry o f  t h e  p l a n e t ' s  f i g u r e .  
what t h e  t e c t o n i c  hypo thes i s ,  which we can c a l l  t h e  r o t a t i o n - p u l s a t i o n  
hypothesis ,  p o i n t s  d i r e c t l y  t o .  The hypothesis  embraces no t  only e a r t h  
p u l s a t i o n s ,  b u t  a l s o  t h e  rotat ion-induced p u l s a t i o n s  o f  t he  p l a n e t ' s  f i g u r e .  

This i s  p r e c i s e l y  

We s h a l l  apply t h e  term "pu l sa t iona l "  t o  those  s ing le -va lued ,  o s c i l -  
l a t o r y  movements which a r e  common t o  t h e  whole s u r f a c e  o f  t he  p l a n e t ,  and 
which proceed i n  t h e  d i r e c t i o n  o f '  t h e  e a r t h ' s  r a d i u s ,  and t h e  term "wave- 
p u l s a t i o n a l "  t o  those  mult iple-valued,  superimposed on t h e  former and i n t e r -  
locking among themselves, which are a s s o c i a t e d  with p u l s a t i o n s  o f  t he  p l a n e t ' s  
f i g u r e .  P u l s a t i o n a l  movements , i f  they are oppos i t e  i n  s i g n  (subsidence - 
u p l i f t )  are a l s o  d i f f e r e n t  i n  t ime, f o r  they r e l a t e  t o  d i f f e r e n t  epochs, 
whereas wave-pulsational movements opposi te  i n  d i r e c t i o n  are simultaneous.  
Consequently, movements o f  t h e  f irst  group can succeed one another  only i n  
time bu t  not  i n  space;  while t hose  of t h e  second group may succeed each o t h e r  
i n  bo th .  

T h e  F i g h t  B e t w e e n  A t t r a c t i o n  and Repulsion--The Motive Power of Geotectonic 
Deve 1 opmen t 

Secu la r  t i d a l  braking o f  t h e  e a r t h ' s  r o t a t i o n  i s  t h r e e  times as g r e a t  
as s e c u l a r  a c c e l e r a t i o n  from t h e  same cause.  This means t h a t  t h e  present-day /55 
a c t i o n  o f  e x t e r n a l  f a c t o r s  on te r res t r ia l  r o t a t i o n  ( the  g r a v i t a t i o n a l  a t t rac t -  
i o n  o f  t he  moon and sun, t i d a l  f r i c t i o n  o f  t h e  atmosphere and hydrosphere, 
e t c . )  i s  g r e a t e r  than t h e  e f f e c t  o f  i n t e r n a l  f o r c e s  ( the  g r a v i t a t i o n a l  
a t t r a c t i o n  toward t h e  common c e n t e r  o f  mass, physico-chemical processes  o f  t h e  
compaction and d i f f e r e n t i a t i o n  o f  mat ter ,  e t c . )  The i n t e r a c t i o n  between 

- 
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t h e s e  opposing in f luences - - in  o t h e r  words, the e t e r n a l  f i g h t  between attrac- 
t i o n  and repuls ion1 --proceeding e i t h e r  with temporary preponderance o f  one, 
o r  with temporary equ i l ib r ium- - i s  t h e  cause of  t h e  uneven course pursued by 
t h e  never-ending s p i r a l  o f  t e c t o n i c  development. 
cess as exemplif ied by t h e  formation o f  mountains i n  t h e  c r i t i ca l  zones o f  t h e  
35th p a r a l l e l s  (N and S ) .  

Let us trace o u t  t h i s  pro- 

With constant equiZibrium o f  t h e  fo rces  o f  a t t r a c t i o n  and r epu l s ion  ( i n  
t h e  case o f  t h e  e a r t h  t h i s  would mean t h a t  AU remains equal  t o  zero and t h a t  
t h e r e  i s  no a x i a l  r o t a t i o n ) ,  no mountain b e l t  could,  i n  general ,  be  formed a t  
o r  n e a r  t h e  no r the rn  and southern 35th p a r a l l e l s .  But t h i s  extreme case is  
pu re ly  t h e o r e t i c a l  ( s ince  it excludes t h e  f a c t o r  o f  development) and i s  no t  
a c t u a l l y  p o s s i b l e  i n  n a t u r e .  

I f ,  on t h e  o t h e r  hand, equ i l ib r ium between a t t r a c t i o n  and r epu l s ion  
i s  l ack ing  (by which we mean t h a t  one o f  t h e  two--say repulsion--predominates,  
i n  which case Aw i s  n o t  equal t o  ze ro ) ,  then t h e  formation o f  mountains w i l l  
c e r t a i n l y  t ake  p l a c e .  This was t h e  s i t u a t i o n  which Ye. V .  Bykhanov had i n  
mind when he made t h e  fol lowing noteworthy remark:  "Mountains were formed on 
t h e  s u r f a c e  o f  t he  e a r t h  i n  p ropor t ion  as t h e  r o t a t i o n  of t he  globe was 
retarded ' '  Ci877, p .  146) .  To t h i s  w e  can add t h a t  t h e  formation was more 
i n t e n s i v e  a t  t h e  no r the rn  35th p a r a l l e l  than a t  t h e  southern (See Figure s a ) .  

Mountain-forming i s  most i n t e n s e  when t h e  oppos i t i on  between t h e  f o r c e s  
o f  a t t r a c t i o n  and those  o f  r epu l s ion  i s  acu te  ( t h a t  i s ,  when a c c e l e r a t i o n  and 
d e c e l e r a t i o n  occur i n  r a p i d  a l t e r n a t i o n ,  and Aw o s c i l l a t e s  without achieving 
a f i x e d  v a l u e - - t h i s  r ep resen t s  a r e v o l u t i o n a r y - c r i t i c a l  epoch i n  t h e  h i s t o r y  
o f  t h e  e a r t h  and l i v i n g  t h i n g s .  Such epochs, consequently,  a r e  d i s t ingu i shed  - /56 
by t h e  a c t i v e  man i fe s t a t ion  o f  t e c t o n i c  s t r e s s e s ,  and movements and deforma- 
t i o n s  both wi th in  t h e  body o f  t h e  p l a n e t  and on i t s  s u r f a c e ;  they r ep resen t  
t h e  t imes o f  g r e a t e s t  p u l s a t i o n  i n  t h e  e a r t h ' s  volume, as we l l  as maximal 
a c c e l e r a t i o n s  and d e c e l e r a t i o n s  o f  r o t a t i o n s  and o f  t he  processes  involved 
i n  change o f  t h e  e a r t h ' s  f i g u r e .  

F i n a l l y ,  during temporary equ i l ib r ium between t h e  f o r c e s  o f  a t t r a c t i o n  
and t h e  f o r c e s  o f  r epu l s ion  ( t h a t  i s ,  when t h e r e  i s  uniform r o t a t i o n  and Aw 
is  equal t o  z e r o ) ,  t h e r e  occurs an i n t e r r u p t i o n  of  mountain-building. 

The l ead ing  r o l e  i n  t h i s  p l a n e t a r y  mechanism o f  mountain-formation is 
played by t h e  changes occur r ing  i n  t h e  c e n t r i f u g a l  f o r c e s  o f  r o t a t i o n ,  which 
are i n d i s s o l u b l y  a s s o c i a t e d  with o s c i l l a t i o n s  o f  t h e  p l a n e t  ' s  volume, with 
i n c r e a s e  i n  g r a v i t a t i o n a l  compaction toward t h e  c e n t e r ,  with t i d a l  i n f luences ,  
and, i n  p a r t i c u l a r ,  with s e c u l a r  d e c e l e r a t i o n  o f  t h e  e a r t h ' s  r o t a t i o n  as a 
r e s u l t  o f  t i d a l  f r i c t i o n .  A l l  o f  t h e s e  changes r e s u l t  i n ,  and maintain,  an 

. .  

Apart from t h e  g r a v i t a t i o n a l  i n f luence  o f  e x t e r n a l  worlds ,  one can inc lude  
he re  i n t e r - p a r t i c l e  ( in t e ra tomic ,  i n t e r i o n i c  and in t e rmolecu la r )  r epu l s ion .  
The e x i s t e n c e  o f  f o r c e s  o f  i n t e r - p a r t i c l e  r epu l s ion  exp la ins  t h e  thermal 
expansion of  bod ies .  
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e t e r n a l  (and r e g u l a r )  a l t e r n a t i o n  o f  sub 'crustal ,  c r u s t a l ,  atmospheric and 
hydrospheric  movements, which , i n  t h e  process  o f  constant  interchange o f  
compression and expansion o f  t h e  globe under t h e  a c t i o n  o f  t he  f o r c e s  o f  
a t t r a c t i o n  and r epu l s ion ,  r e s u l t  i n  mountain-formation and con t inua l  renewal 
o f  t h e  a spec t  o f  t h e  g r e a t e s t  mountain systems. 

Thus, t e c t o n i c  s h i f t s  w i th in  t h e  body o f  t h e  e a r t h  and t h e  a s s o c i a t e d  
change and renewal o f  t h e  s t r u c t u r a l  forms o f  t h e  e a r t h ' s  s u r f a c e  a r e  d i s -  
t r i b u t e d  extremely unevenly, both i n  space and i n  t ime.  In connection with 
t h i s  general  unevenness i n  t h e  development of  ou r  p l a n e t ,  t h e r e  s t a n d  ou t  
revolutioizary-criticaZ epochs, j u s t  as on t h e  s u r f a c e  o f  t h e  e a r t h  we f i n d  
c r i t i c a l  b e l t s ,  i n  which s low,  s e c u l a r  q u a n t i t a t i v e  changes, g radua l ly  b u i l d -  
i ng  up and being resolved,  g ive  r i s e  t o  q u a l i t a t i v e l y  new forms. 
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LAWS OF THE FORMATION AND DISTRIBUTION OF CONTINENTS, OCEANS 
AND MOUNTAIN BELTS 

CHAPTER 3 

GEOGRAPHIC HOMOLOGIES 

"Truth i s  t h e  daughter of t ime, 
not a u t h o r i t y . "  

--Francis Bacon 

Glancing cu r ious ly  a t  a world map o r  globe, we f r equen t ly  f a i l  t o  think / 5 7  
of t he  enormous l a b o r s ,  o f t e n  a s s o c i a t e d  with danger t o  l i f e  and limb, which 
were r equ i r ed  o f  t he  army o f  i n v e s t i g a t o r s  who t o i l e d  s e l f l e s s l y  over a pe r iod  
of dozens of  c e n t u r i e s  t o  make p o s s i b l e  such a p i c t u r e  o f  the lands and seas  
o f  t h e  p l a n e t  we l i v e  on. 

Geographic d i scove r i e s  have been of  enormous s i g n i f i c a n c e ;  t o  a g r e a t  
degree they have f u r t h e r e d  d i scove r i e s  i n  o t h e r  a reas  of  s c i ence .  

But t o  desc r ibe  t h e  s u r f a c e  o f  t h e  e a r t h  and draw i t  on a map is  only 
i h a l f  o f  t h e  business  a t  hand. I t  i s  necessary,  as we l l ,  t o  explain how the 
* oceans appeared, why they a r e  d i s t r i b u t e d  as they a r e  r a t h e r  than i n  some 

I o t h e r  manner--in a word, i t  i s  necessary t o  answer a s e r i e s  o f  p r e t t y  d i f f i c u l t  
quest ions which cannot f a i l  t o  be asked by any i n q u i s i t i v e  person. 

The key t o  understanding the  d i s t r i b u t i o n  o f  t h e  e a r t h ' s  con t inen t s  and 
I 1 

oceans is  found i n  t h e  s o - c a l l e d  "geographic homologies", by which we mean 
s i m i l a r i t i e s  and correspondences i n  t h e  d i s t r i b u t i o n ,  o u t l i n e s  and relief o f  
t he  con t inen t s  and oceans l .  1 i /58 
.- ~ . . .  _ _ _  . - -  __ . --_.. i 

j/ 1 
~ The ques t ion  o f  geographic homologies had already a t t r a c t e d  t h e  a t t e n t i o n  of 

anc ien t  s c i e n t i s t s .  S t r abo  (63 B . C .  - 20 A.D.), t h e  Greek geographer and 
h i s t o r i a n ,  wrote o f  them i n  h i s  Geography. 
t h e  Middle Ages t h e  no t ion  o f  geographic homologies was born again during t h e  
Renaissance, when t h e  English phi losopher  Francis  Bacon, t h a t  f ierce f i g h t e r  
a g a i n s t  medieval s c h o l a s t i c i s m  and defender of t h e  s c i e n t i f i c  out look,  brought 
it up i n  h i s  Novum Organum (1620). F i n a l l y ,  Lomonosov (1763 a )  , q u i t e  i n -  
dependently o f  S t r abo  and Bacon, developed t h e  i d e a  o f  geographic homologies. 

Following t h e  long darkness o f  

41 

I 



e 
N 

F igu re  17. An t ipoda l  D i s t r i b u t i o n  of Cont inents  and Oceans, A u s t r a l a s i a  and America. (After 
L .  P .  Shubayev, 1956, w i t h  the  A d d i t i o n  of A c t i v e  C i r c l e s  and Centers) .  



I 

T h e  An t ipoda l i ty  of Oceans and Continents - 159 

The an t ipoda l  d i s t r i b u t i o n  o f  t h e  con t inen t s  and oceans i s  a very 
c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  f a c e  o f  t he  e a r t h .  D r a w  an imaginary l i n e  
through t h e  c e n t e r  o f  t h e  e a r t h ,  and you w i l l  f i n d  t h a t  whenever one end 
emerges on dry land t h e  o t h e r  end w i l l  emerge i n  t h e  s e a ,  and v i c e  ve r sa .  
This s ta tement  i s  more convincing when demonstrated v i s u a l l y :  r o l l  a globe 

o r  both water--only about once i n  20 times does t h i s  occur .  
along a t a b l e  top ,  and observe t h a t  two ant ipodes a r e  r a r e l y  both dry land /60 

“The ant ipodes o f  t h e  con t inen t s  are t h e  oceans.”  This anc ien t  maxim 
i s  very n e a r l y  c o r r e c t ,  f o r  A n t a r c t i c a  i s  balanced by t h e  A r c t i c  Ocean, 
Europe and Af r i ca  by t h e  Great Ocean, t h e  no r the rn  con t inen t s  by t h e  Southern 
Ocean, and North America by t h e  Indian Ocean. I t  i s  only South America which 
fa i l s  t o  f i t  i n t o  t h i s  scheme--its  ant ipode i s  t h e .  dry land o f  Southeast  Asia 
(Figure 17 ) .  

Why An ta rc t i ca  and t h e  A r c t i c  Ocean Are Antipodes; t h e  Oceanic Character of 
t h e  Southern Hemisphere and t h e  Continental  Character of t h e  Northern H e m i -  
sphere 

The ant isymmetr ical  d i s t r i b u t i o n  o f  depressions and e l e v a t i o n s  on t h e  
e a r t h ‘ s  s u r f a c e ,  l i k e  t h e  a s s o c i a t e d  ant ipodal  d i s t r i b u t i o n  o f  con t inen t s  and 
oceans,  i s  e s p e c i a l l y  well  i l l u s t r a t e d  by t h e . c a s e  of  t h e  p o l a r  r eg ions .  The 
A r c t i c  i s  occupied by a c i r c u l a r ,  n e a r l y  c losed circumpolar marine b a s i n ,  
t h e  depth o f  which n e a r  t h e  Pole i t s e l f  i s  4,300 meters (da t a  o f  Sov ie t  high- 
a l t i t u d e  expedi t ions of  1948 - 1957). The maximum depth o f  t h i s  ocean i s  
5,449 meters (A. F .  Laktionov, 1960). The A r c t i c  p o l a r  b a s i n  i s  e s s e n t i a l l y  
a mediterranean s e a ,  s i n c e  i t  i s  almost e n t i r e l y  surrounded by dry land.  

Conversely, t h e  A n t a r c t i c  i s  occupied by a c i r c u l a r ,  circumpolar c o n t i -  
n e n t ,  whose a l t i t u d e ,  a t  t h e  South Pole ,  i s  2,800 meters above s e a  l e v e l ,  and 
near  t he  Pole o f  I n a c c e s s i b i l i t y  3,900 meters.  
region t h e  s u r f a c e  o f  t h e  l i t h o s p h e r e  i s  almost 8 . 5  ki lometers  c l o s e r  t o  t h e  
c e n t e r  o f  t h e  e a r t h  than it i s  i n  t h e  southern p o l a r  r eg ion .  Thanks t o  t h i s  
f a c t ,  and t o  t h e  presence o f  a no r the rn  b e l t  o f  con t inen t s  and of  t h e  Southern 
Ocean embracing t h e  two p o l a r  r eg ions ,  no t  only t h e  f i g u r e  o f  t h e  e a r t h  as a 
whole, b u t  a l s o  t h a t  o f  t h e  l i t h o s p h e r e ,  a r e  hear t -shaped (See Figure 8 ) .  I t  
is  i n t e r e s t i n g  t o  observe t h a t  t h i s  cardiod q u a l i t y  is  considerably more 
pronounced i n  t h e  case o f  t h e  l i t h o s p h e r e  (See Figure 2 ) .  

i 
I 
1 

Thus, i n  t h e  northern p o l a r  

The d i s t r i b u t i o n  o f  water (Table 3 ,  Fig.  1 8 ) ,  and t h e  g r a n i t i c  and 
b a s a l t i c  l a y e r s  o f  t h e  l i t h o s p h e r e  (Figure 19-a and - b ) ,  and a l s o  t h e  t h i c k -  
ness  o f  t h e  e a r t h ’ s  c r u s t  (Figure 20), a r e  a l s o  s u b j e c t  t o  a general  l a w :  
between the 62nd paraZZeZs, north and south, continentaZ masses are greater, 
andoceanic (aqueous and s imat ic )  masses are smaZZer; but  north and south of 
those paraZZeZs the reverse s i t ua t ion  obtains.  Closely connected with t h i s  
f a c t  is  a second c h a r a c t e r i s t i c  f e a t u r e  of t h e  s u r f a c e  o f  t h e  ea r th - - the  
pinching o u t  o f  con t inen t s  toward t h e  south (Figure 21).  This l a w  r e f l e c t s  

/61 
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' the ocean ic  c h a r a c t e r  of t h e  Southern Hemisphere and t h e  c o n t i n e n t a l  c h a r a c t e r  
of  t h e  Northern Hemisphere--as i t  were, i n  t h r e e  measurements o f  area and 
depth; moreover, i t  c l e a r l y  emphasizes t h e  an t ipoda l  r e l a t i o n s h i p  between t h e  
A r c t i c  Ocean and the  A n t a r c t i c  Continent.  

TABLE 3 .  

Paral le1 

La t i t u d e  Polar  
Proportion 
o f  Beit 

Proportion of  
Paral le1 Cor- 

Occup i e d  respond i nc] t o  D i  s t ance  

BO" [\I 
50 
70 
60 
50 
40 
30 
20 
10 
0 

20 
30 
40 
50 
60 
70 
80 
90 

10" S 

0" 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
190 

- 
6 y  Sea Sea 

_i_ - ~. 

0,902 
0,703 
0,286 
0,427 
0,477 
0,571 
0,624 
0 737 
0,772 
0,765 
0,780 
0,768 
0,886 
0,969 
0,992 
0,905 
0,310 
0,029 

1.000 
0,720 
0,463 
0,352 
0,407 
0,527 
0,536 
0,677 
0,710 
0,771 
0,786 
0,777 
0,791 
0,951 
0,972 
1,090 
0.597 
0,125 
0,000 

The remarkable e q u a l i t y  and an t ipoda l  r e l a t i o n s h i p  between the  northern 
p o l a r  ocean and t h e  southern p o l a r  con t inen t  (a common a r e a  o f  13,100,000 
square ki lometers)  a r e  t h e  r e s u l t  of compensatory movements o f  m a t e r i a l  which 
occurred i n  t h e  p o l a r  regions i n  connection with t h e  formation o f  t h e  northern 
con t inen ta l  b e l t  and t h e  Southern Ocean (See Figure 8-b) .  The boundary of 
t hese  compensatory v e r t i c a l  movements i s  t h e  s o - c a l l e d  : ' c i r c l e  o f  symmetry 
o f  p o l a r  coun t r i e s "  

t h e  whole o f  t h e  A r c t i c  Ocean and o f  t he  A n t a r c t i c  Continent could be included 
i f  they were evenly d i s t r i b u t e d  around the po le s  ( i n  t h e  form o f  p e r f e c t  
c i r c u l a r  circumpolar zones. 
areas, but. even t h e  extreme northern t i p s  o f  t he  no r the rn  con t inen t s  and o f  
t h e  A n t a r c t i c  Cont inent ,  a r e  loca t ed  c lose  t o  these  c r i t i c a l  boundaries:  

162  

+ = 71"39', which i s  def ined as t h e  boundary wi th in  which 0 

Not only a s i g n i f i c a n t  p a r t  o f  A n t a r c t i c  c o a s t a l  
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Figure 18. Asymmetry of tk,e Zonal D i s t r i b u t i o n  of  Dry Land and Sea o n  
Surface of t h e  Earth.  (Compiled by  L .  P .  Shubayev, 1956). T h e  Number 
the Body of  the Diagram Denote Areas i n  M i  1 I ions o f  Square K i  lometers.  

t h e  
i n  

Cape Murchison (North America). ...... . 7 l o 5 O 1  N 
North Cape (Europe) ................... 71°08' K 
Cape Chelyuskin (Asia) ................ 77033' N 

rJ70nsequerztly, not onZy the poZm a s y m e t q  of the f i gure  o f  the earth,  
but a2ao the antipodal character and the equaZity of areas o f  the Arctic 
Seean and the Antarct ic  Zoqtirzent, are the resuZt- of d i f f e r i n g  rates  o f  
ssctciar m&ct.ion of poZar c o p r e s s i o n  in the two hem'spheres--greater i n  the 
noi+hem and Zesser i n  the southern. 

Nhat a r e  t h e  main reasons why t h e  Northern Hemisphere i s  predominantly 
s i a l i c  ( g r a n i t i c - b a s a l t i c )  and c o n t i n e n t a l  i n  c h a r a c t e r ,  and t h e  Southern 
Hemisphere s i m a t i c  ( u l t r a b a s i c )  and oceanic? Why i s  t h e  th i ckness  o f  t h e  
e a r t h ' s  c r u s t  s e v e r a l  t imes g r e a t e r  i n  t h e  Northern Hemisphere than i n  t h e  
Southern? 

One reason is  t o  be found i n  con t r a ry  movements w i th in  t h e  e a r t h ' s  
s h e l l  i n  t h e  two temperate zones: i n  t h e  Southern Hemisphere these  movements, 
being downward, have r e t a r d e d  t h e  d i f f e r e n t i a t i o n  o f  material and t h e  forma- 
t i o n  o f  t h e  c r u s t ;  i n  t h e  Northern Hemisphere, being upward, they have 
a c c e l e r a t e d  those  p rocesses .  V .  A .  Magnitskiy (1952, 1953, 1955, 1958)  has 
suggested t h a t  t h e  b a s i c  geochemical r e a c t i o n  which s u p p l i e s  f r e e  s i l i c a  
(SiU2) from t h e  depths  o f  the earth f o r  the formation of t h e  g r a n i t i c  

45 



a 

b 

F i g u r e  19. 
Depth o f  10 K i lometers ,  b) A t  a Depth of 30 K i lometers .  
Dementskaya, 1959, w i t h  t h e  A d d i t i o n  o f  A c t i v e  C i r c l e s  and Centers) .  
1 - Hyperkas i te  
Metamorph I c Rocks 

Geolog ica l  S t r u c t u r e  of the  E a r t h ' s  C r y s t a l l i n e  S h e l l :  a) a t  a 

2 - B a s a l t ;  3 - G r a n i t e  w i t h  I n t r u s i o n  o f  Sedimentary and 

( A f t e r  R. M. 
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A f r i c a n - A t l a n t i c  Basin 

F i g .  20. Geo log ica l  S t r u c t u r e  o f  t he  Nor the rn  Con t inen ta l  B e l t  and t h e  F 
o f  t he  Southern Ocean: a) a t  60"N, Nor thern  Con t inen ta l  B e l t ;  b)  a t  60°S ,  
Southern Ocean. ( A f t e r  R. M. Demenitskaya, 1959). Legend: 1 - G r a n i t e  W 
I n t r u s i o n  of Sedimentary and Metamorphic Rocks; 2 - B a s a l t :  3 - HvDerbas? 

oo r 

t h  
e; ~~. 

, I  

4 - P o s i t i o n  and Number-of t he  P o i n t '  Where t h e ' S e c t i o n  Was'SYudied by Seismic 
Methods; 5 - Water. 

l i t h o s p h e r e  o f  c o n t i n e n t s  is  e v i d e n t l y  

2MgSiOs = Mg2SiOd + Si02 +2,3 kca 1 

c l i n o e n s t a t i t e  + f o r s t e r i t e  + quartz + h e a t  

Here t h e  quar t z ,  as t h e  component o f  l ow d e n s i t y ,  w i l l  b e  c a r r i e d  



F i g .  2 1 .  General 
t o  t h e  Total Area 
vals  o f  10". Mol 

zed Form o f  t h e  Cont inents .  Dry Land is Shown W i t h  Respect 
o f  Each 10-Degree Zone. T h e  Meridians a r e  Drawn a t  I n t e r -  
we;de's P r o j e c t i o n .  (Compiled by Ya. 'fa. Gakkel ' ) .  

upward1. 
opposed by t h e  f o r c e s  o f  p r e s s u r e .  Fe ldspa th i c  minerals  a l s o  a r e  formed w i t h  
i n c r e a s e  i n  volume, s o  t h a t  t h e i r  formation i s  helped by reductior,  i n  p r e s s u r e  
and hindered by i n c r e a s e  i n  p r e s s u r e .  On the  o t h e r  hand, as 1:. Yu. Levinson- 
Lessing (1940) has  po in t ed  o u t ,  t h e  minerals  o f  u l t r a b a s i c  rocks (as, f o r  
exaxple ,  o l i v i n e ,  pyroxene, amphiboles) a r e  formed w i t h  a r educ t ion  i n  volume, 
so  t h a t  i nc reased  p r e s s u r e  f avor s  t h e i r  formation.  Radial  deforming f o r c e s  
a r i s i n g  during prolonged cha.nge i n  t e r r e s t r i a l  compression w i t h i n  t h e  c r i t i c a l  
p a r a l l e l s  o f  i 35" and i 71", i n  t h e  Sou thzm Hemisphere were d i r e c t e d  along 
-the r a d i i  o f  t h e  p a r a l l e l s  toward t h e  a x i s  o f  r o t a t i o n ,  btlt i n  the Northern 
Hemisphere they were d i r e c t e d  away from t h e  a x i s  (See Figure B-b!. Therefore,  
f o r  a l l  p a r a l l e l s  between 35" ar,d 71", p r e s s u r e  f o r c e s  .are less i n  t h e  
Northern Hemisphere than a t  t h e  corresponding p a r a l l e l s  i n  t h e  Southern 
Hemisphe-re. The d i f f e r e n c e  r i s e s  from zero a t  t h e  c r i t i c a l  p a r a l l e l s  as one 
approaches i 62". Therefore ,  t h e  most favorable  c m d i t i o n s  f o r  t he  formation 
o f  s i l i c a .  and the  f e l d s p a t h i c  minerals  a r e  foand, i n  t h e  case cf t h e  Northern 
Hemisphere, i n  t h e  zone o f  i n f luence  of  t h e  62nd p a r a l l e l ,  where p r e s s u r e  is  
lower; and, i n  t h e  case o f  t h e  Southern :lemisphere, a l s o  n e a r  t h e  62nd 
p a r a l l e l ,  al though h e r e . t h e  p r e s s u r e  has been inc reased .  

The r e a c t i o n  proceeds with an i n c r e a s e  i n  volume, s o  t h a t  i t  i s  

- /67 

O f  g r e a t  s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  rocks l a i d  down on t h e  ocean 
f l o o r  have f o r  a long t ime been under the  s t e a d i l y  i n c r e a s i n g  p r e s s u r e  o f  t h e  
water, which today a t  some p laces  reaches 1,000 atmospheres. 

In  connection with t h e  fact  t h a t  t h e  physkco-chemical p rocess  i n  question 

me rocess  i s  a c t u a l l y  much more complex. This i s  a s i m  l i f i e d  scheme 
which Faci l i ta tes  f m d i n g  an exp lana t ion  o f  why t h e  r a t e  ofPformation o f  the 
g r a n i t i c  l i t h o s p h e r e  has  d i f f e r e d  i n  various zones o f  t he  p l a n e t .  

. - - .-.. - . . . ..-- . -. " I . . .  
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i s  controZ Zed by  mechanicaZ fac tors ,  t h e  formation of  t h e  e a r t h ' s  l i t h o s p h e r e  
( i t s  grani t ic-sedimentary and b a s a l t i c  l a y e r s )  and t h e  deepening o f  t h e  
Mohorovivfc d i s c o n t i n u i t y  have proceeded unevenly--more slowly i n  some zones 
and more r a p i d l y  i n  o t h e r s .  Among t h e  'lslowl' zones are those  under t h e  
in f luence  of  t h e  extremum p a r a l l e l  62's and t h e  North Poles;  among t h e  "fast" 
zones a r e  those  under t h e  in f luence  o f  t h e  extremum p a r a l l e l  62'N and t h e  
South Pole.  Therefore ,  t h e  th i ckness  o f  t h e  l i t h o s p h e r e  wi th in  t h e  l i m i t s  o f  
t h e  Southern Ocean and t h e  A r c t i c  p o l a r  b a s i n  i s  l e s s  than wi th in  t h e  l i m i t s  
o f  t h e  no r the rn  con t inen t s  and t h e  A n t a r c t i c  p o l a r  con t inen t .  Consequently, 
t h e  p a r a l l e l  6Z0N i s  epe i rogene t i c ,  and t h a t  o f  62's t h a l a s s o g e n e t i c ,  while 
t h e  North and South Poles a r e ,  r e s p e c t i v e l y ,  t n a l a s s o g e n e t i c  and 
epe i rogene t i c .  

Within t h e  zones o f  i n f luence  o f  t h e  circumpolar c r i t i c a l  p a r a l l e l s  
(t 71') t h e r e  appear d i s t i n c t  r eg iona l  d i s l o c a t i o n s  and s u b l a t i t u d i n a l  f r a c -  
t u r e s .  In t h e  Northern Hemisphere, t hese  bound the  p o l a r  ocean and t.he 
no r the rn  con t inen t s ;  i n  t h e  Southern Hemisphere, t h e  p o l a r  con t inen t  and t h e  
Southern Ocean. 

Thus, s e c u l a r  downward movements and comparatively high p r e s s u r e  i n  -che 
e a r t h ' s  s h e l l  i n  t h e  temperate l a t i t u d e s  of  t h e  Southern Hemisphere, and 
upward movements and reduced p res su re  i n  t h e  same l a t i t u d e s  of  t he  Northern 
Hemisphere, have l ed  n o t  only t o  s e c u l a r  q u a l i t a t i v e  change i n  t h e  composi- 
t i o n  o f  t h e  rocks i n  t h e  e a r t h ' s  an t ipoda l  zones, but  a l s o ,  as a consequence, 
t o  subsidence o f  t h e  l i t h o s p h e r e  i n  the  Southern Hemisphere and u p l i f t  o f  
t h e  l i t h o s p h e r e  i n  t h e  Northern Hemisphere. In t h e  p o l a r  zones of  t h e  e a r t h  
we f i n d  an analogous s i t u a t i o n :  downward movements i n  t h e  s h e l l ,  t h e  formation 
o f  s i m a t i c  masses and s e c u l a r  subsidence o f  t h e  l i t h o s p h e r e ,  i n  t h e  case of  
t h e  A r c t i c ,  and t h e  formation o f  s i a l i t i c  rnasses and s e c u l a r  u p l i f t  G f  t h e  
l i t h o s p h e r e  i n  t h e  case o f  t h e  An ta rc t i c .  

Thus, i n  t h e  space of  4 - 5 b i l l i o n  yea r s ,  as a r e s u l t  o f  very complex 
processes  of  mechanical and physico-chemical i n t e r a c t i o n  of  t h e  masses o f  t h e  
e n t i r e  e a r t h  i n  a s i n g l e ,  planet-wide t e c t o n i c  development, t h e  following 
phenomena a r o s e ;  a g r e a t e r  t h i ckness  o f  the c r u s t  i n  c o n t i n e n t a l  regions as 
compared with oceanic  r eg ions ;  t h e  oceanic  c h a r a c t e r  o f  t h e  Southern and t h e  
c o n t i n e n t a l  c h a r a c t e r  o f  t h e  Northern Hemisphere; and t h e  oceanic  c h a r a c t e r  
o f  t h e  no r the rn  p o l a r  region and t h e  c o n t i n e n t a l  c h a r a c t e r  o f  t h e  southern 
p o l a r  r eg ion .  A l l  o f  t h e s e  phenomena were i n t e r r e l a t e d  by v i r t u e  o f  a common 
o r i g i n  and s t r u c t u r a l  development. We s e e  he re  how weak f o r c e s ,  cons t an t ly  
a c t i n g  i n  a s i n g l e  d i r e c t i o n  f o r  an enormous pe r iod  o f  time', may combine t G  

produce a s i g n i f i c a n t  e f f e c t .  In t h i s  connection , t h e  d i s t r i b u t i o n  of  p o l a r  
dry land and seas with r e s p e c t  t o  t h e  e a r t h ' s  a x i s  o f  r o t a t i o n  r e f l e c t s  both 
t h e  s u r f a c e  and t h e  abyssa l  asymmetry o f  t h e  e a r t h ' s  f i g u r e  wi th  r e s p e c t  t o  
t h e  e q u a t o r i a l  p l ane .  
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Asymmetry o f  t h e  E a r t h ' s  Magnetic F i e l d  

I t  i s  a curious fact  t h a t  no t  only t h e  d i s t r i b u t i o n  o f  dry land and sea, 
but  a l s o  t h e  i n t e n s i t y  o f  the e a r t h ' s  magnetic f i e l d ,  e x h i b i t s  a d e f i n i t e  
asymmetry, i n  t h e  sense  t h a t  I f . .  . t h e  mean i n t e n s i t y  o f  magnetization f o r  
corresponding no r the rn  and southern p a r a l l e l s  i s  u s u a l l y  g r e a t e r  f o r  t hose  
p a r a l l e l s  which l i e  predominantly on dry land than f o r  t hose  which l i e  
mostly on t h e  water" (L .  A .  Bauer, 1923, p .  2 4 ) .  I n  o t h e r  words, t h e  i n t e r n a l  
magnetic f i e l d  i s  asymmetrical with r e spec t  t o  t h e  geomagnetic equator ,  and, 
j u s t  l i k e  t h e  f i g u r e  o f  t h e  e a r t h ,  can be r ep resen ted  as a hear t -shaped 
geometrical  cons t ruc t ion .  

T h e  Origin o f  t h e  Great Ocean and Af r i ca .  T h e  Formation of Circum-Pacific and 
Cricum-African Belts of Mountains and Fractures  

A s  o f  1950, t h e  coord ina te s  o f  t h e  e a r t h ' s  magnetic po le s  were as 
fol lows;  72"N, 96" W and 70' S,  150" E .  I n  t h i s  connect ion,  i t  i s  note-  
worthy t h a t  t he  g r e a t  c i r c l e  formed by t h e  meridian 28" E - 152" W ,  which i s  
pe rpend icu la r  t o  t h e  p l ane  on which t h e  two magnetic po le s  are found, d iv ides  
t h e  dry-land area o f  t h e  e a r t h  i n t o  two equal p o r t i o n s .  The s u r f a c e  f e a t u r e s  
of t h e  e a r t h  a r e  symmetrical with r e s p e c t  t o  t h i s  g r e a t  c i r c l e ,  b u t  extremely 
unsymmetrical with r e s p e c t  t o  t h e  g r e a t  c i r c l e  which i s  pe rpend icu la r  t o  i t .  
The coordinates  of  t h e  geomagnetic po le s  which correspond t o  t h e  e a r t h ' s  f i e l d  
o f  homogeneous magnet izat ion a r e  78"32' N ,  69"08' W and 78"32' S ,  110"521 E .  
The g r e a t  c i r c l e  formed by t h e  meridian 21"  E - 159" W ,  which i s  pe rpend icu la r  
t o  t h e  p r o j e c t i o n  o f  t h e  geomagnetic a x i s  on t h e  e q u a t o r i a l  p l ane ,  i s  remark-  
able  i n  t h a t  i t  coincides  with t h e  meridional l i n e  marking t h e  extremity o f  
Af r i ca  and t h e  Great ( P a c i f i c )  Ocean (Figure 2 2 ) .  In t h e i r  t u r n ,  t h e s e  two 
remarkable c i r c l e s  very n e a r l y  coincide with t h e  meridians o f  t h e  major 
e q u a t o r i a l  a x i s  (15" E - 165" W ) ,  t h e  meridians o f  t h e  minor n u t a t i o n a l  a x i s  
( 1 2 "  E - 168" W ) ,  and t h e  a x i s  o f  minimal v a r i a t i o n s  i n  s e a  l e v e l  and atmos- 
p h e r i c  p re s su re  (0 - 180").  A whole s e r i e s  o f  s u r p r i s i n g  coincidences.' But 
s u r p r i s i n g  only a t  f i r s t  glance:  i n  r e a l i t y  a l l  t h e s e  phenomena are p h y s i c a l l y  
in t e rconnec ted .  

The p l ane  o f  t h e  minor e q u a t o r i a l  a x i s  (105" E - 75" W )  d iv ides  t h e  /71 
t e r r e s t r i a l  e l l i p s o i d  i n t o  two hemispheres, with one po le  i n  t h e  Great Ocean 
and t h e  o t h e r  i n  Af r i ca - - the  "Pacific Hemisphere" and t h e  "African Hemisphere". 
A f r i c a  i s  t h e  con t inen t  which counterbalances t h e  Great Ocean--both are very 
anc ien t  s t r u c t u r e s .  But A f r i c a  and t h e  Great Ocean a r e  an t ipoda l  no t  merely 
i n  t h e  geometrical  s ense :  they a r e  a l s o  an t ipoda l  as  regards  development. 
Af r i ca  i s  t h e  con t inen t  with t h e  g r e a t e s t  tendency t o  u p l i f t ,  as i s  shown by 
i t s  q u i t e  weak complement o f  youthful  sedimentary rocks .  
on t h e  o t h e r  hand, i s  c h a r a c t e r i z e d  by i n t e n s i v e  vo lcan ic  a c t i v i t y ,  abyssal  
f r a c t u r e s ,  and deep-focus earthquakes on i t s  b o r d e r s - - a l l  s i g n s  o f  a subs id ing  
bas in .  The f l o o r  o f  t h i s  ocean is  e n t i r e l y  without  any s i a l i t i c  l a y e r .  

The Great Ocean, 
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F ig .  22. I n t e r r e l a t i o n s h i p  
Between the  Var ious Phys i ca l  
F i e l d s  o f  the  Ear th .  

12 - 168" 

0 - 180": 
A tmos p h e r 

m m  

Mer id ian  of t h e  Minor  Ax 

Mer id ian  of t he  A x i s  of M 
c Pressure;  

105 - 75": Mer id ian  of t he  
Minor  E q u a t o r i a l  A x i s  o f  t he  
T e r r e s t r i a l  E l  1 i p s o i d  ( A f t e r  
A. A .  I z o t o v ,  1950); 

102 - 78": Mer id ian  o f  t he  
Major  A x i s  o f  t he  N u t a t i o n a l  
E l l i p s e  ( A f t e r  A. Ya. Or lov ,  
1944) ; 

90 - 90" :  Mer id ian  of the  A x i s  
of Maximal F l u c t u a t i o n s  o f  Sea 
Leve l  and Atmospheric Pressure 
( A f t e r  I . V .  Maksimov, 1952) ; 

1 1 1  - 69": Mer id ian  o f  Pro- 
j e c t i o n  of t he  Geomagnetic Ax is  
on t h e  E q u a t o r i a l  Plane; 

15 - 165": Mer id ian  of t he  
Major  E q u a t o r i a l  Ax i s  of t he  
T e r r e s t r i a l  E l l i p s o i d ;  

s of t he  N u t a t i o n a l  E l l i p s e ;  

nimal F l u c t u a t i o n s  of Sea Leve l  and 

21 - 159": Mer id ian  o f  a L i n e  Perpend icu la r  t o  the  P r o j e c t i o n  o f  the  Geo- 
magnet ic  A x i s  on the  E q u a t o r i a l  Plane; 

21 - 159" :  Mer id ian  o f  the  L i n e  o f  Greates t  Ex tens ion  o f  A f r i c a ,  Europe and 
the  Great Ocean, 

28 - 152": M e r i d i a n  B i s e c t i n g  t h e  E a r t h ' s  Dry-Land Area; t h e  d ry - l and  areas 
on b o t h  s ides  o f  t h e  mer id ian  a r e  equal ;  

28 - 152": Mer id ian  o f  t h e  P o i n t  of i n t e r s e c t i o n  o f  t h e  Magnet ic  A x i s  w i t h  
t h e  e q u a t o r i a l  p lane:  

Coord inates o f  t h e  Magnet ic  Poles (as of 1950): 
NM - 72"N, 96"W; SM - 70"S, 150"E. 

NM - SM P r o j e c t i o n  o f  t h e  Magnet ic  A x i s  on t h e  E q u a t o r i a l  Plane. 
Coord inates o f  t h e  Geomagnetic Po les :  

NG - 78"32' N, 69O08' W; SG - 78O32' S,  110°52' E. 
NG - SG:  P r o j e c t i o n  of t h e  Geomagnetic A x i s  on t h e  E q u a t o r i a l  Plane. 
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The shield-shaped u p l i f t  o f  t h e  whole o f  Africa and t h e  s i n k i n g  o f  t h e  
f l o o r  o f  t he  Great Ocean--in f a i r l y  r ecen t  t imes--are evidenced by numerous 
geo log ica l  d a t a  (Kh. S t i r n s ,  1945; P .  N .  Kropotkin, 1948; V.  V .  Belousov, 
1955, N .  I .  Nikolayev, 1955; e t c . )  The r a t e  o f  subsidence o f  t he  ocean f l o o r ,  
as est imated by F .  Kyunen (1955), i s  about 20 meters p e r  m i l l i o n  y e a r s .  The 
u p l i f t s  o f  t h e  Afr ican con t inen t  have been compensated by subsidences along 
t h e  borders  o f  t h e  con t inen t ,  n e a r  t h e  Indian and A t l a n t i c  Oceans, as we l l  
a s  by subsidences o f  t h e  Great Ocean, and by u p l i f t s  along t h e  bo rde r  o f  
t h e  Great Ocean, i n  America and A u s t r a l a s i a .  

The formation of  Af r i ca  and t h e  Great Ocean, which a r e  ant ipodes,  i s  
c l o s e l y  t i e d  i n  with t h e  asymmetry o f  t h e  s t r u c t u r e  of  t h e  two hemispheres. 
The e a r t h ' s  g r e a t e s t  oceanic  trough i s  rimmed by a mighty " c i r c l e  o f  fire1'-- 
t h e  P a c i f i c  r i n g  o f  mountains, volcanoes and superabyssal  (down t o  700 k i l o -  
meters) f r a c t u r e s .  The P a c i f i c  r i n g  o f  sl iperabyssal f r a c t u r e s  and e a r t h -  
quakes i s  g e n e t i c a l l y  a s s o c i a t e d  with t h e  ocean; probably it was a l r eady  
e s t a b l i s h e d  i n  t h e  e a r l y  Archean, along with t h e  ocean i t s e l f .  The r i n g  is  
an t ipoda l  t o  t h e  more weakly developed Circum-African b e l t  of  mountains, 
f r a c t u r e s  and ear thquakes.  Consequently, we s e e  he re  two systems of  va r i ed  
an t ipoda l  and asymmetrical phenomena, whose development has been i n t e r -  
dependent. This demonstrates t h a t  t h e  r e l i e f  and s t r u c t u r e  o f  t h e  e a r t h  are 
s u b s t a n t 2 a l l y  asymmetrical no t  only with r e s p e c t  t o  t h e  e q u a t o r i a l  plane,  bu t  
a l s o  with r e s p e c t  t o  t h e  p l ane  def ined by t h e  meridian o f  t h e  minor equator-  
i a l  s x i s  (105O E - 75' W ) .  

- /72 

What has caused t h e  asymmetry o f  t h e  e a r t h ' s  s t r u c t u r e  and r e l i e f  i n  
t h i s  second ins t ance?  In  t h e  chap te r  on the  causes o f  t e c t o n i c  movements, 
we demonstrated t h a t  t h e  b a s i c  d i f f e r e n c e  i n  t h e  development of  t he  oceanic  
(Pac i f i c )  and con t inen ta l  (African) hemispheres, and p a r t i c u l a r l y  t h e  genesis  
o f  t h e  Great Ocean and Af r i ca ,  i s  a s s o c i a t e d  with t h e  pregeological  h i s t o r y  
o f t h e  Earth - Luna doub 1 e p 1 an e t  - -mo r e  p r e  c i s  e 1 y w i t h  t h e  moon - induced 
asymmetry o f  t h e  f i g u r e  of  t h e  e a r t h  with r e spec t  t o  t h e  plane def ined by 
t h e  meridian o f  t h e  minor e q u a t o r i a l  a x i s ,  Something, however, remains t o  
be  added t o  t h i s  argument. 

According t o  t h e  theory of  G .  H.  Darwin, which was widely h e l d  i n  t h e  
l a t e  19th and e a r l y  20th c e n t u r i e s ,  t h e  moon was c r e a t e d  from a "r ib"  o f  
t h e  e a r t h .  W .  H .  Pickering (1907) thought t h a t  t h i s  " r ib"  had come from 
t h e  s i t e  o f  t h e  present-day Great Ocean. 
P i cke r ing ' s  hypothesis  based on it  f o r  exp la in ing  t h e  o r i g i n  o f  t he  Great 
Ocean proved t o  be j u s t  as inadequate as  t h e  B i b l i c a l  myth about Eve being 
c rea t ed  ou t  o f  Adam's r i b .  

But both Darwin's theory and 

We have a l r eady  discussed t h e  astronomical ob jec t ions  t o  t h i s  i d e a  o f  
Darwin and Pickering.  But t h e r e  are geological  ob jec t ions  as w e l l :  

3 1. The d e n s i t y  o f  t h e  l u n a r  substance amounts t o  3 .33 gr/cm - - in  o t h e r  
words, i t  i s  q u i t e  d i f f e r e n t  from t h a t  of t h e  s i a l ( 2 . 8 2  g'/cm3) from which 
Pickering thought i t  was formed, bu t  about t h e  same as t h a t  o f  t h e  d e n s i t y  
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of  t h e  "pe r ido t i t e t1  s h e l l  o f  t h e  e a r t h ;  

2 .  The "wound" which, according t o  Darwin's theory ,  was formed when 
t h e  moon was t o r n  away from t h e  l i q u i d  p l a n e t ,  must have "healed over" 
p r e t t y  quick ly ,  i n  view o f  the low v i s c o s i t y  o f  fused  s i l i c a t e s ;  it would 
have been f i l l e d  i n  and covered over  by an i n f l u x  o f  substance from o t h e r ,  
undamaged por t ions  o f  t h e  s i a l i c  l a y e r ,  

3 .  Picke r ing ' s  hypothes is  i s  q u i t e  i n s u f f i c i e n t  t o  exp la in  t h e  r ise o f  
t h e  A t l a n t i c  and Indian  Oceans, which have very n e a r l y  t h e  same s t r u c t u r e  
and composition a s  does t h e  Great Ocean (P .  N .  Kropotkin,  1950) ;  /z 

4.. Picker ing!s  hypot1iesj.s f a i l s  t o  expla in  t h e  an t ipodal  r e l a t i o n s h i p  
between Africa and t h e  Pac i f i c  Ocean, t h e  formation o f  which could n o t  have 
been independent,  and 

5 .  P i cke r ing ' s  hypothesis  o f f e r s  no expl.anation o f  t h e  o r i g i n  o f  t h e  
Circum-Pacific mountain b e l t ,  which c a ~ i n o t  be viewed i n  i s o l a t i o n  from t h a t  
o f  t h e  P a c i f i c  i t s e l f ' .  

Since t h e r e  could have been no t e a r i n g  away o f  t he  moon from t h e  e a r t h ,  
then obviously t h e  two p1anet.s never  fcrmed a s i n g l e  body. Consequently, 
t h e  i n i t i a l  proximity o f  ;he moon t o  t h e  e a r t h  can b e  explained not  as a 
sepa ra t ion ,  bu t  a s  t h e  contemporaneous formation o f  t h e  two bodies  i n  c lose  
proximity,  w i th in  t h e  pr imordia l  cloud o f  gas .  and dus t  from which a l l  t h e  
o t h e r  p l a n e t s  were formed' 

In c r i t i c i z i n g  Pickering"s"hypothesis ,  we must -n3t f a i l  t o  see  t h a t '  i t  con- 
t a i n s  an important element o f  t ruth--namely,  t h e  idea  o f  a gene t i c  connection 
between t h e  P a c i f i c  Ocean and t h e  moon. 
The P a c i f i c  Ocean i s  a uniqLe p l ane ta ry  forn!atiori. I t  occupies  nea r ly  a 
t h i r d  o f  t h e  t e r r e s t r i a l  s u r f a c e ,  arid has ( j f  one may use t h e  term) a sep -  
mental d i s t r i b u t i o n .  O n  no o t h e r  p l ane t  i s  t h e r e  observed a depression s o  
massive a s  t h e  P a c i f i c ,  o r  s i - tua t ed  i n  the  same way; and a t  t h e  same Lime no 
o t h e r  p l a n e t  has a s a t e l l i t e  s o  r e l a t i v e l y  l a r g e  as  o u r  moon. ' Even a f t e r  work on t h e  p re sen t  volume had been completed,, Ye. L .  Ruskol 
(1960) poir , ted out t h a t ,  a s  a r e s u l t  of  i n e l a s t i c  c o l l i s i o n s  ZIetweeil small  
bodies  c l o s e  t o  t h e  growing e a r t h ,  a " s a t e l l i t e  s w a r m "  must have been formed 
around our  p l a n e t ,  c o n s i s t i n g  o f  small s o l i d  bodies .  The ma te r i a l  o f  t h i s  
s w a r m  se rved  as t h e  raw material  f o r  t h e  formation o f  t he  moon, by 3 mec.h- 
anism c o n s i s t i n g  o f  t h e  capture  and subsequent conso l ida t ion  o f  i nd iv idua l  
small bodies .  
t o  t h e  earth., b u t  c l o s e  t o  zero a t  a p o i n t  d i s t a n t  from. the  e a r t h .  Therefcre ,  
t h e  concen t r a t ion  o f  material i n  t h e  s w a r m  would be maximai i n  p o r t i o n s  
n e a r e s t  t h e  e a r t h .  From t h i s  it fol lows tha- t  t h e  moon, most probably,  wa; 
formed somewhere wi th in  t h e  l i m i t s  o f  2 . 5  t o  10 e a r t h  r a d i i .  

I - I -- . . .. . .  . . .  . . 

The p r o b a b i l i t y  o f  such cap tu re  would have been maximal c lose  
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I t  i s  a p o i n t  o f  i n t e r e s t  t h a t  t h e  formation and subsequent d i s s o c i a -  
t i o n  o f  t h e  moon from t h e  e a r t h  d i r e c t l y  preceded t h e  formation o f  t h e  ear th 's  
c r u s t  (See Figure 12 ) .  This was no mere coincidence,  b u t  r a t h e r  a d i r e c t  
causa l  r e l a t i o n s h i p  between two h igh ly  s i g n i f i c a n t  events  i n  t h e  e a r t h ' s  
h i s t o r y .  

Following t h e  formation o f  t h e  core ,  t h e  l i t h o s p h e r e ,  t h e  hydrosphere ,  
and t h e  o t h e r  s h e l l s  o f  t h e  e a r t h ,  t h e  subsequent development o f  t h e  p l a n e t  
can be ou t l ined  i n  t h e  fo l lowing  fash ion:  

A s  a r e s u l t  o f  t h e  l e v e l i n g  of t h e  east-west  asymmetry, e r o s i o n  of 
t h e  c o n t i n e n t a l  hemisphere,  and removal o f  t h e  eroded m a t e r i a l  i n t o  t h e  
bas in  of t h e  P a c i f i c  Ocean, and a l s o  a s  a r e s u l t  of  t h e  subs idence  of t h e  
P a c i f i c  Ocean f l o o r  under t h e  in f luence  o f  i s o s t a s y ,  a d d i t i o n a l  p r e s s u r e  w a s  
p laced  upon t h e  e a r t h ' s  core  (See Figure 14 ) .  This p r e s s u r e  se rved  t o  main- 
t a i n  t h e  process  of forming a t e r r e s t r i a l  bulge i n  t h e  an t ipoda l  (Af r i can )  
p o r t i o n  of  t h e  con t inen ta l  hemisphere. During t h e  Mesozoic era,  t h i s  
process  was jo ined  by compensating subsidences o f  t h e  l i t h o s p h e r e  east  and  
west of Af r i ca ,  t hese  were a s soc ia t ed  with t h e  movement o f  s u b c r u s t a l  mater- 
i a l  w i th in  t h e  a reas  o f  t h e  Indian and A t l a n t i c  Oceans. This i s  a t t e s t e d  
by t h e  presence o f  con t inen ta l  s t r u c t u r e s  which have subsided s i g n i f i c a n t l y  
below s e a  l e v e l ,  bu t  s t r i k e  along t h e  Indian and A t l a n t i c  p e r i p h e r i e s  of  
t h e  Afr ican con t inen t .  

I t  may be assumed t h a t  no t  only t h e  formation of  t h e  A t l a n t i c  and I n d i a n  
Oceans, bu t  a l s o  t h a t  o f  t h e  Mediterranean Sea,  a r e  a s s o c i a t e d  wi th  t h e  
formation and u p l i f t  o f  t h e  Afr ican con t inen t :  t h e  l a t t e r  phenomenon, i n  i t s  
t u r n ,  brought, about a prolonged subsidence o f  P a c i f i c  Ocean t rough,  as w e  
have j u s t  seen .  

Thus, t h e  pregeologica l  development of  t h e  e a r t h  a f f o r d s  a c l u e  t o  t he  
p l a n e t ' s  geologica l  development. Af r i ca  and t h e  P a c i f i c  Ocean can b e  re- 
garded as two enormous and cont inuously changing "birthmarks" on t h e  face of 
our  p l a n e t .  With t h e  formation and development o f  t hese  two a n t i p o d a l  mega- 
s t r u c t u r e s  a r e  c l o s e l y  a s s o c i a t e d  s t i l l  o t h e r  p l ane ta ry  t e c t o n i c  f o r m s - t h e  
Circum-African mountain b e l t s  and Karpinskiy 's  meridional  b e l t .  

T h e  Origin o f  t h e  Antipodal Character  o f  t h e  Eastern and Western C o n t i n e n t s  

A s  was demonstrated as e a r l y  as 1859 by t h e  .Russian g e o d i c i s t  F .  F .  
Shubert ,  t h e  t e r r e s t r i a l  equa tor  i s  no t  a c i r c l e ,  bu t  r a t h e r ,  i n  first 
approximation , an e l l i p s e .  
s ec t ion - -o r ,  a s  one might say ,  t h e  e a r t h ' s  t r i a x i a l i t y - - a n d  t h e  east-west 
asymmetry of t h e  figure of the  ear th ,  have a common o r i g i n .  
dea l ing  with two facets of t he  same phenomenon, cosmogonica Z Zy c o n d i t i o n e d  
by the  asyrrunetrical-tY.iaxiaZ d i s t r i b u t i o n  of masses w i t h i n  t h e  body of the 
pZanet.  

The e ZZipt ic i ty  of t h e  e a r t h  i n  e q u a t o r i a Z  eross- 

H e r e  w e  are 
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Af r i can Hemp lsphere 

F ig .  23.  R e l i e f  and Act ive  C i rc les  of the T e r r e s t r i a l  E l l i p s o i d .  

The scale on the l e f t  shows depths i n  meters, tha t  on the r i g h t  heights i n  
meters. The marking a t  the extreme r i g h t  denotes ice  cover. 
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F i g .  24. 
o f  1879. 

Sur face  Features of Mars, as Based on S c h i a p a r e 1 l i " s  Observat ions 
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F i g .  24  (Concluded) 
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The longi tude o f  t h e  major e q u a t o r i a l  axis, according t o  A. A. Izotov 
(1950) , i s  15" E (Greenwich). 

A l l  of  t h e  con t inen t s ,  a p a r t  from Africa and L l l e  southwestern p a r t  o f  
Europe, a r e  disposed i n  t h e  d i r e c t i o n  of t h e  meridian o f  t h e  minor equa- 
t o r i a l  a x i s ;  105" E ,  75" W (See Figure 1 7 ) .  A s i a  and A u s t r a l i a  a r e  found on 
one s i d e  of  t h e  t e r r e s t r i a l  e l l i p s o i d ,  t h e  two Americas on the  opposi te  s i d e .  
The an t ipoda l  s e c t o r s  of  t h e  major e q u a t o r i a l  a x i s  (15" E ,  165" W) are 
occupied by t h e  P a c i f i c  Ocean, on t h e  one s i d e ,  and i n  p a r t  by t h e  A t l a n t i c  
and Indian Oceans, on the  o t h e r .  A s  we have seen,  t hese  s t r u c t u r e s  are i n t e r -  
dependent, on t h e  b a s i s  of  t h e  following causal  scheme: subsidence o f  t h e  
Pacif ic  Ocean f l o o r  ---+ shield-shaped u p l i f t  o f  Af r i ca  ---+ subsidence o f  
po r t ions  o f  t h e  Indian and A t l a n t i c  Ocean f l o o r s  adjacent  t o  Af r i ca  ---+ 
u p l i f t  o f  Africa. 

But s i n c e  these  t e c t o n i c  movements, t oge the r  with t h e  physico-chemical 
changes accompanying them, condi t ion t h e  cha rac t e r  o f  t he  r i s e  o f  t e r r e s t r i a l  
s t r u c t u r e s ,  t he  connection symbolized above can be expressed even more 
s u c c i n c t l y ;  P a c i f i c  Ocean ---+ Afr i ca  + Indian and A t l a n t i c  Oceans 
( p a r t i a l l y ) .  

-f 

A slow t a n g e n t i a l  movement (continuing up t o  t h e  p re sen t  time) has 
occurred i n  t h e  s u b c r u s t a l  m a t e r i a l ,  from t h e  segments of  t h e  P a c i f i c  Ocean, 
and i n  l e s s e r  degree from those of  Af r i ca ,  through the  b e l t s  of  i n f luence  o f  
t he  western and e a s t e r n  c r i t i c a l  c i r c l e s  i n t o  the  b e l t  o f  i n f luence  o f  t he  
meridian o f  t he  minor e q u a t o r i a l  a x i s .  These s h i f t s  ( o r  s t r i v i n g s  toward 
the  same) have been caused by s t r e s s e s  a s s o c i a t e d  with t h e  tendency o f  t h e  
e a r t h  t o  "e l imina te i '  i t s  t r iaxial-asymmetr ical  dev ia t ions  from t h e  proper  
form. of  a spheroid.  Therefore,  we f i n d  oceanic  subsidences a s soc ia t ed  with 
the  P a c i f i c  Ocean segment and w i t h  t h e  African segment, and the  formation of  
con t inen t s  a s soc ia t ed  with the b e l t  of  i n f luence  of  t h e  epe i rogene t i c  
meridian o f  t he  minor e q u a t o r i a l  a x i s .  

The g e n e t i c  l i n k  between Karpinskiy 's  con t inen ta l  b e l t  and the  epeiro-  
g e n e t i c  meridian (105" - 75"), and the  ant ipodal  p o s i t i o n i n g  o f  Af r i ca  and 
t h e  P a c i f i c  Ocean, a r e  very evident  on the  accompanying map (Figure 2 5 ) .  

The p r o j e c t i o n  used i n  t h e  map (Figure 25)  , which is  of c y l i n d r i c a l  type, - /77 
i s  of  i n t e r e s t  i n  i t s  own r i g h t .  I t  i s  s u p e r i o r  t o  o t h e r  p r o j e c t i o n s  i n  t h a t  
i t  involves  no d i s t o r t i o n  of  t he  a reas  o r  t h e  contours of  t h e  con t inen t s ,  
while p re se rv ing  t h e i r  e s s e n t i a l  form and c o r r e c t  r e l a t i v e  p o s i t i o n i n g  on t h e  
p l a n e t .  

A t  t h i s  p o i n t  some a d d i t i o n a l  i n t e r e s t i n g  p a t t e r n s  become ev iden t :  along 
t h e  meridian of t h e  major e q u a t o r i a l  a x i s  we observe the  g r e a t e s t  p r o t r u s i o n  
o f  t h e  A r c t i c  Ocean, and t h e  l e a s t  p r o t r u s i o n  o f  t h e  A n t a r c t i c  Continent,  
while t h e  d i r e c t i o n  o f  t h e  meridian of  t h e  minor e q u a t o r i a l  axis coincides  
with t h e  maximal meridional p r o t r u s i o n  of t h e  con t inen t s  o f  Eurasia, America 
and An ta rc t i ca .  Possibly t h e  unevenness of  t h e  opposi te  e q u a t o r i a l  semiaxes 
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F i g .  25. 
Minor  E q u a t o r i a l  Ax i s .  The Heavy S o l i d  L ines  Denotc the  Western and Eastern  
C r i t i c a l  C i r c l e s ,  t he  C r i t i c a l  P a r a l l e l s  ('35"), and the  C ' r i t i c a l  Mer id ians  
(60 - 120°, 150 - 3 0 " ) .  

D i s t r i b u t i o n  of t he  Cont inents  Wi th  Respect t o  the  Mer id ian  of t he  

Note: Angular  Dis tances of t he  A c t i v e  Mer id ians  a r e  Given as Fo l lows:  
Upward, From t h e  Mer id ian  of  the  Minor  E q u a t o r i a l  Ax is ;  Downward, From the  
Mer id ian  of Greenwich. 
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exp la ins  the fact  t h a t  t h e  eastern p a r t  o f  An ta rc t i ca  is  l a r g e r  t han  t h e  
western.  

I t  i s  c l e a r ,  from a l l  that  has  been s a i d ,  t h a t  t h e  an t ipoda l  c h a r a c t e r  
o f  A u s t r a l a s i a  and t h e  two Americas has  been condi t ioned by t e c t o n i c  move- 
ments r e s u l t i n g  from a tendency o f  t h e  a symmet r i ca l - t r i ax ia l  e l l i p s o i d  t o  
assume t h e  more s t a b l e  conf igu ra t ion  o f  a c a r d i o i d a l  e l l i p s o i d  of  r o t a t i o n .  

T h e  Wedge Shape o f  Continents and Oceans. P a r i t y  o f  L i n k s  B e t w e e n  Northern 
and Southern Continents .  T h e  Smal l e r  Area of Southern Continents.  

The t h i r d  c h a r a c t e r i s t i c  s u r f a c e  f e a t u r e  o f  t h e  e a r t h  ( a r i s i n g  from t h e  
f i r s t  two) i s  the uedge-shaped out l ine o f  every continental mass1. 
t he  wedge-shaped form o f  t h e  southern e x t r e m i t i e s  of  t h e  con t inen t s  i s  a 

a s s o c i a t e d  with t h e  r o t a t i o n  of t he  p l a n e t .  
t h e  Karpinskiy con t inen ta l  b e l t  (mean longi tude 105' - 2 8 5 ' )  i n  t h e  temperate 
l a t i t u d e s  o f  t h e  Northern Hemisphere i n t e r a c t e d  with o t h e r  t e c t o n i c  movements 
( i d e n t i c a l  i n  s i g n )  which formed t h e  g r e a t  no r the rn  b e l t  o f  con t inen t s .  A s  
a r e s u l t  o f  t h e  superimposi t ion o f  one s e t  o f  t e c t o n i c  movements upon the  
o t h e r ,  we f i n d  wi th in  modern Canada and S i b e r i a  t h e  s o - c a l l e d  "con t inen ta l  
s h i e l d s "  which arose i n  e a r l y  Archean t imes--port ions o f  t h e  l i t h o s p h e r e  with 
the  most s t a b l e  tendency t o  u p l i f t .  The t r a c e s  o f  t h e s e  u p l i f t s  can be 
observed on t h e  shore of  t h e  A r c t i c  Ocean, i n  the  form of  anc ien t  marine 
t e r r a c e s  r a i s e d  high above s e a  l e v e l .  These movements a r e  c h a r a c t e r i s t i c  
not  only o f  t h e  d i s t a n t  and r ecen t  p a s t ,  bu t  a l s o  o f  t h e  p re sen t  epoch. The 
a r e a  o f  t he  Canadian Archipelago, f o r  example, i s  cont inuing t o  i n c r e a s e ,  a t  
t h e  expense of  u p l i f t  of t h e  ocean f l o o r ,  and as  a r e s u l t  new i s l a n d s  a r e  
appearing. 

Since 

consequence o f  t h e  f i r s t  two homologies, i t  follows t h a t  t h e  t h i r d  must be /78 
The t e c t o n i c  movements forming 

L .  S. Berg (1955) b e l i e v e s  t h a t  as a r e s u l t  of  t hese  v e r t i c a l  u p l i f t s ,  
t h e  t a b l e  mountains o f  t h e  Central  S ibe r i an  Highlands have r i s e n  t o  a l t i t u d e s  
3 - 5 times as high as t h e  mean a l t i t u d e  of  t h e  region (200 - 400 meters) .  

The Canadian and S i b e r i a n  c o n t i n e n t a l  s h i e l d s  r ep resen t  t h e  primeval 
n u c l e i  of t h e  modern con t inen t s  o f  North America and Asia; they a r e  i n  f a c t  
t h e  c e n t e r s  of  formation o f  t hose  con t inen t s  (See Conclusion, Figures 31 and 
3 3 ) .  
dry land,  and t h e r e  has  been a p rogres s ive  i n c r e a s e  i n  t h e  a r e a  o f  t h e  
c o n t i n e n t s :  t hese  processes  have taken p l a c e  mainly i n  two d i r e c t i o n s - - t h e  
southwester ly ,  along t h e  epe i rogen ic  p a r a l l e l  o f  62O N ,  and t h e  meridional ,  
along t h e  epeirogenic  c i r c l e  o f  1 0 5 O  - 75O. I t  i s  t h e r e f o r e  no acc iden t  
t h a t  t h e  62nd p a r a l l e l  i s  t h e  c i r c l e  o f  t h e  g r e a t e s t  zonal extension o f  t h e  
con t inen t s ,  while  t h e  meridian 105O - 75O marks t h e  g r e a t e s t  meridional 
extension (Figure 2 5 ) .  The s u r f a c e  occupied by dry land diminishes on both 
s i d e s  o f  t h e s e  main epe i rogen ic  c i r c l e s ,  while  t h e  wedge-shaped e x t r e m i t i e s  
o f  North America and Euras i a ,  as w e  have a l r eady  seen ,  were formed as t h e  

I t  was Francis Bacon who f i rs t  c a l l e d - a 6 t e ~ t i ~ ~  ~ t o ~ ~ ~ s - h o m o l o g y  -(1620). 

These n u c l e i  have been "overgrown" with new, s u b s i d i a r y  p o r t i o n s  of  

- _  -- 
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r e s u l t  o f  subsidence o f  t h e  l i t h o s p h e r e  o f  t h e  e q u a t o r i a l  b e l t  r e s u l t i n g  
from s e c u l a r  decrease i n  p o l a r  compression. 

I n  t h e  Southern Hemisphere, t h e  meridional  b e l t  o f  con t inen t s  cont inues /79 - 
i n  t h e  form o f  South America and A u s t r a l i a .  Whereas t h e  nor thern  con t inen t s  
(North America and Asia) were formed by zonal and meridional  u p l i f t s ,  t h e  
southern con t inen t s  (South America and Aus t r a l i a )  were p laced  i n  t h e  equator-  
i a l  zone o f  t h e  genera l  s e c u l a r  subsidence o f  t h e  l i t hosphe re .  P rec i se ly  f o r  
t h i s  reason t h e  a rea  o f  t h e  southern  con t inen t s  is  s m a l l e r  than t h a t  o f  t h e  
no r the rn .  

The " th inning  out"  o f  South America, A u s t r a l i a  and Af r i ca  toward t h e  
south  is  a s soc ia t ed  wi th  t h e  gradual  i nc rease  i n  subsidence o f  t h e  l i t hosphe re  
from t h e  c r i t i c a l  35' S p a r a l l e l  t o  t h e  62' t ha l a s sogen ic  p a r a l l e l .  
and A u s t r a l i a  f ade  o u t  completely i n  t h e  v i c i n i t y  o f  35' S,  and only South 
America p e r s i s t s  sou th  o f  t h a t  l a t i t u d e :  

Afr ica  

Cape Agulhas i n  A f r i c a . .  . . . . . . . .  .34'52 
Cape Wilson i n  A u s t r a l i a . .  . . . . . .  .39'11' 

S 
S 

Cape Horn i n  South America ....... 55'59' S 

A s  regards  t h e  th inn ing  ou t  o f  the  con t inen t s  i n  t h e  d i r e c t i o n  toward 
t h e  meridian o f  t h e  maximum e q u a t o r i a l  rad ius  (Chukotka i n  Asia  and Alaska 
i n  North America), w e  can a t t r i b u t e  t h i s  phenomenon t o  subsidence of  t h e  
l i t hosphe re  o f  t he  P a c i f i c  s e c t o r .  

In  t h e  A t l a n t i c  and Indian s e c t o r s  w e  f i n d  analogous causes o f  t h e  
wedge-shaped e x t e r n a l  form o f  Labrador i n  North America, Bahia i n  South 
America, and Somali i n  Af r i ca .  

Thus, t h e  common , oppos i t e ly -d i r ec t ed  "wedge q u a l i t y "  o f  oceans and 
con t inen t s ,  and a l s o  t h e  th inn ing  out  o f  t h e  con t inen t s  n e a r  t h e  equator  
and i n  t h e  long i tud ina l  d i r e c t i o n ,  a r e  phenomena i n h e r e n t l y  a s soc ia t ed  with 
a x i a l  r o t a t i o n  and with t h e  p a s t  h i s t o r y  o f  t h e  e a r t h  a s  p a r t  o f  t h e  Earth-  
Luna system. Not only t e c t o n i c  processes  (downward movements o f  t he  ocean 
f l o o r  and upward movements of  t h e  con t inen t s )  bu t  a l s o  geochemical d i f f e r -  
e n t i a t i o n  of t h e  t e r r e s t r i a l  substance ( c r e a t i n g  rocks o f  var ious  conten t  
which went t o  form the  con t inen t s  and ocean f l o o r )  p a r t i c i p a t e d .  

L e t  us cons t ruc t  a genera l ized  p r o f i l e  o f  A u s t r a l a s i a  and America, 
t ak ing  i n t o  account t h e  fo l lowing:  1 )  s e c u l a r  meridional  u p l i f t s  and "g ran i t -  
i za t ion l l l  o f  t h e  l i t hosphe re ,  i nc reas ing  from t h e  e a s t e r n  and western c r i t i c a l  /81 
c i r c l e s  toward t h e  epe i rogene t i c  meridian of t h e  minor e q u a t o r i a l  a x i s  
(105' - 75'); 2) s e c u l a r  zonal subsidences and "oceanizat ion" o f  t he  l i t h o -  
sphere ,  diminishing from t h e  tha l a s sogene t i c  p a r a l l e l  (62' s) toward t h e  

'"Grani t izat ionlT of  t h e  l i t hosphe re  r e s u l t s  no t  only from i n t e r n a l  abyssa l  
processes  (accumulation o f  ma te r i a l s  a t  lower l e v e l s ) ,  bu t  a l s o  from ex te rna l  
ones (physico-chemical weather ing o f  t h e  e a r t h ' s  c r u s t ) .  

- 
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equator ,  and a l s o  s e c u l a r  zonal u p l i f t s  o f  t h e  l i t hosphe re ,  and t h e  i n f l u x  
o f  s i a l i c  and g r a n i t i c  i n t r u s i o n s ,  i nc reas ing  toward t h e  epe i rogenet ic  
p a r a l l e l  (62' N) ; ,and, f i n a l l y ,  3) s e c u l a r  subsidences o f  t he  l i t hosphe re ,  
abyssa l  outflow o f  s i a l i c  ma te r i a l ,  and b a s a l t i c  e rupt ions  wi th in  t h e  l i m i t s  
o f  t h e  e q u a t o r i a l  b e l t  between the  c r i t i c a l  p a r a l l e l s  (+ 3 S 0 ) ,  i nc reas ing  
from those  p a r a l l e l s  toward the  equator .  As a r e s u l t  o f  t h e  accumulation o f  
t h e  deformations r e f e r r e d  t o ,  w e  a r r i v e  no t  only a t  t h e  t h i r d ,  bu t  a l s o  a t  
t h e  fou r th  and f i f t h  homologies a s soc ia t ed  with i t--namely, the pari ty  of 
junctions between the northern and southern continents, and the smaZZer area 
of the southern continents i n  comparison with the northern. (Figure 2 6 ) .  

- -. . . . - ._ . .  
a 

. .  .. -. 

F i g .  26 .  Theoret ical  Form o f  t h e  
Cont inents :  a )  Without Allowance 
f o r  t h e  Ef fec t  of Twist ing,  b )  W i t h  
A I  lowance f o r  t h e  E f fec t  of Twist ing;  
1 - Secular  Subsidence; Regions of 
t h e  Formation of Oceanic T y p e  of 
Li thosphere,  2 - Secular  U p l i f t ;  
Regions of t h e  Formation of Conti- 
nental  Type  of Li thosphere.  

Rela t ive  Displacement of  Northern and Southern Continents ,  and Certain Other 
Consequences of  t h e  T w i s t i n g  E f fec t  

A glance a t  t h e  map r evea l s  t h a t  South America has been d isp laced  t o  the 
e a s t  o f  t h e  minor e q u a t o r i a l  a x i s ,  and North America t o  t h e  west o f  i t .  
A u s t r a l i a  has been d isp laced  t o  t h e  e a s t  more than the  o t h e r  cont inents ,  bu t  
even i n  t h e  case of Af r i ca ,  t h e  e q u a t o r i a l  con t inen t ,  we d e t e c t  a s l i g h t ,  
bu t  very r e a l ,  r e l a t i v e  ' displacement with r e spec t  t o  i t s  north-south a x i s .  
These p a r a l l e l  displacements a r e  t h e  p r i n c i p a l  cause of  t h e  p a r a l l e l i s m  o f  
t h e  sho re l ines  o f  the cont inents  (See a l s o  Figure 2 7 ) .  I n  p a r t i c u l a r ,  t h e  
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F i g .  27.  Axes of the Continents and 
Oceans, Fractures  of t h e  E a r t h ' s  Crus t ,  
and Pa ra I I e l  Shorel ines  o f  t h e  Conti- 
n e n t s  i n  Connection W i t h  t h e  E f fec t  of 
T w i s t i n g  o f  t h e  E a r t h t s  Surface Around 
t h e  Axis of Rotat ion.  

p a r a l l e l i s m  of  the two 
shores  o f  t h e  A t l a n t i c  was 
f irst  po in ted  ou t  by our  
n a t i o n a l  col league Ye. V .  
Bykhanov i n  1877, and l a t e r  
bn i n  
geophysicis t  A ,  Wegener. 
Both Wegener and Bykhanov ex- 
p l a ined  t h i s  phenomenon as 
t h e  removal o f  both t h e  
Ameri cas from Europe - 
Africa toward t h e  west --as 
a displacement o f  s i a l i c  
ma te r i a l s  with r e spec t  t o  
t h e  p l a s t i c - v i s c o u s  sima, 
under t h e  e f f e c t  o f  t e r -  
r e s t r i a l  r o t a t i o n .  

1915 by t h e  German /82 

But t h e s e  views 
turned ou t  t o  be untenable .  
In  1944 the  American geo- 
l o g i s t  Bailey Willis de- 
voted an a r t i c l e  t o  t h e  
Wegener theory o f  h o r i z o n t a l  
displacements o f  t h e  
con t inen t s  which he e n t i t l e d  

"Continental  D r i f t - - e i n  Marchen". One cannot do b e t t e r  than adopt t h i s  b r i e f  
bu t  expressive aphorism, f o r  i n  t h e  l i g h t  o f  modern s c i e n t i f i c  d a t a  t h e  
movement o f  the con t inen t s  as Wegener understood i t  is  indeed nothing more 
than a f an ta sy .  However, i t  would be wrong t o  conclude from t h i s  t h a t ,  i n  
gene ra l ,  any s o r t  o f  movement o f  t h e  con t inen ta l  masses i s  impossible.  

The displacement o f  t h e  southern con t inen t s  toward t h e  east ,  with r e s -  
p e c t  t o  t h e  northern con t inene t s ,  o f  which they are t h e  con t inua t ion ,  is  
c l o s e l y  a s s o c i a t e d  with the  formation of t h e  oceanic  q u a l i t y  o f  t he  e a r t h ' s  
Southern Hemisphere, and the  con t inen ta l  q u a l i t y  of i t s  Northern Hemisphere. 
The no r the rn  con t inen t s  are d i sp laced  toward t h e  west as a r e s u l t  o f  t h e  
u p l i f t  of  t h e  Northern Hemisphere, j u s t  as t h e  Southern con t inen t s  are d i s -  
placed toward t h e  e a s t  as a r e s u l t  of t h e  subsidence of  t h e  l i t h o s p h e r e  o f  
t h e  Southern Hemisphere. In proport ion as t h e  c a r d i o i d a l  form of t h e  e a r t h  
became more pronounced, t he  l i t h o s p h e r e  o f  t he  Northern Hemisphere, from t h e  
equator  as f a r  no r th  as t h e  c r i t i c a l  p a r a l l e l  o f  71" N ,  moved o f f  from t h e  
e a r t h ' s  a x i s  o f  r o t a t i o n ,  and a t  t h e  same time t h e  l i t h o s p h e r e  of  t h e  South- 
e r n  Hemisphere (within t h e  corresponding l a t i t u d i n a l  l i m i t s )  approached more 
c l o s e l y  t o  t h e  a x i s .  
nental. masses of the two hemispheres were the resuZt o f  t h s e  radiaZ movements, 
and were directed tangentiaZZy toward the paraZZeZs--toward the west i n  the 
Northern Hemisphere, and toward the east  i n  the Southern Hemisphere. 

The horizontaZ reZative dispZacements o f  the conti-  
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T h e o r e t i c a l l y  w e  should expect  t h a t  displacements o f  t h e  nb r the rn  and 
southern c o n t i n e n t a l  masses would b e  equal t o  zero a t  t h e  equa to r ,  and 
i n c r e a s e  i n  p ropor t ion  t o  l a t i t u d e ,  achieving a maximum a t  62' N and S 
(Figure 1 6 ) .  The world map shows t h a t  t h e  theo ry  i s  e n t i r e l y  j u s t i f i e d ,  
being i n  complete accordance with t h e  d a t a  of obse rva t ion .  The presence o f  
such a law i s  p a r t i c u l a r l y  ev iden t  i n  t h e  "break" of  t h e  meridional axes o f  
America, A u s t r a l a s i a  and t h e  Mid-Atlantic Ridge n e a r  t h e  equator ,  i n  t h e  sharp 
bend and eastward d e v i a t i o n  o f  t h e  southern extremity of  South America and 
t h e  no r the rn  extremity o f  A n t a r c t i c a  (Graham Land), and a l s o  i n  t h e  formation 
of  t h e  South A n t i l l e s  mountain a rch .  

- /83 

A s  a resuZt o f  the twisting of the terrestriaZ surface around the ax i s  
of rotat ion,  the en t i r e  system of meridionaZ and submeridionaZ act ive  circZes 
has been deformed i n t o  an S-shape, while the direct ion of the greatest  pro- 
trusion of Africa,  AustraZasia, the Paci f ic  Ocean, and the  various Zoea2 
structures subordinate t o  them deviates from the meridional toward the north- 
west (Figure 27).  The u n i v e r s a l  predominance o f  northwest s t r i k e ,  a s s o c i a t e d  
both with t h e  e f f e c t  o f  t w i s t i n g  and with t h e  in f luence  o f  submeridional 
c r i t i ca l  c i r c l e s ,  i s  observed, i n  p a r t i c u l a r ,  throughout t h e  enormous ex- 
panse o f  Eurasia  and North America west o f  t h e  epeirogenic  meridian 105O - 

Kazakhstan A n t e c l i s e ,  t h e  Western T'ien-Shan, t h e  Himalayas, t h e  Kopet Dag 
Range, t h e  Donets Ridge, t h e  Voronezh An tec l i s e ,  t h e  Belorussian A n t e c l i s e ,  
t he  Pay-Khoy Range, t h e  Timan Ridge, t h e  Eastern Carpathians,  t h e  Dinaric  
Alps, t h e  Apennines, t h e  C o r d i l l e r a s  o f  North America--these a r e  only some 
o f  t h e  most prominent examples. The f l o o r  o f  t h e  c e n t r a l  p o r t i o n  o f  t h e  
P a c i f i c  Ocean i s  l i t e r a l l y  sown with e x t i n c t  and bu r i ed  volcanoes.  A l l  o f  
t h e s e ,  whether submarine o r  above s e a  l e v e l ,  combine t o  form l i n e a r  r idges  
which run predominant Zy i n  a northwesterly direct ion,  thereby c l e a r l y  
r e f l e c t i n g  t h e i r  dependence upon abyssal  f r a c t u r e s  formed as  t h e  r e s u l t  o f  
t he  e f f e c t  o f  t w i s t i n g  which supp l i ed  an o u t l e t  f o r  vo lcan ic  e i u p t i o n s .  

75". The Eastern Sayan Mountains, t h e  Altay Mountains, t he  Central  /84 

This important l a w ,  o f  p l a n e t a r y  s i g n i f i c a n c e ,  is  evidenced i n  s t r u c t u r e s  
o f  t he  most v a r i e d  age and s c a l e .  Since t h e  time o f  G .  H.  Darwin (1879) it 
has r ep resen ted  an enigma, and b e f o r e  now no t h e o r e t i c a l  explanat ion was 
advanced f o r  i t .  

Turning our a t t e n t i o n  now t o  t h e  p o l a r  regions ( t h e  A r c t i c  Ocean and 
A n t a r c t i c a ) ,  we s e e  that  they "rotate" i n  opposite directions--the Arctic 
toward the west, the Antarct ic  toward the eas t .  Both t h e  t r a n s - P o l a r  and 
t h e  more l o c a l  block s t r u c t u r e s  o f  t h e s e  regions are s u b j e c t  t o  t h i s  
t t r o t a t i o n t t :  Lomonosov Range, Novaya Zemlya, t h e  meridional s e c t o r  o f  grabens 
and block mountains d i sce rned  by P .  S. Voronov i n  1959 which runs under t h e  
A n t a r c t i c  i c e  from Prydz Bay t o  Amundsen Sea, t h e  young mountain r idges  o f  
Western A n t a r c t i c a ,  and so  f o r t h .  

Varying Degrees of Dissect ion of t h e  Shores of t h e  P a c i f i c ,  A t l a n t i c  and 
Indian Oceans. T h e  P a c i f i c  and Indo-Atlant ic  Types  of  Shore 

The degree o f  d i s s e c t i o n  o f  ocean shores  is  very uneven. Nevertheless ,  

65 



even he re  it i s  p o s s i b l e  t o  e s t a b l i s h  a connection wi th  t h e  movement of t h e  
moon around t h e  e a r t h  and with t h e  formation of  the  P a c i f i c  Ocean. 
over  t he  world map from e a s t  t o  w e s t ,  one observes a curious p a t t e r n :  t h e  
western shores  o f  t h e  Pacif ic ,  Indian and A t l a n t i c  Oceans a r e  d i s s e c t e d  and 
dismembered more s t r o n g l y  than t h e  e a s t e r n  ones. 
propagated along t h e  e a r t h ' s  s u r f a c e  from east t o  west, we know t h a t  such 
waves are h i g h e s t  on t h e  western shores  and lowest on t h e  e a s t e r n .  Therefore,  
both t h e  magnitude and t h e  amplitude o f  t h e  v a r i a b l e  h y d r o s t a t i c  load on t h e  
e a s t e r n  sho re  of  a con t inen t  a r e  g r e a t e r  than those  a f f e c t i n g  t h e  western 
sho re ,  and t h i s  exp la ins  the g r e a t e r  degree o f  d i s s e c t i o n  found i n  t h e  former. 
But t h e  s t r o n g  d i s s e c t i o n  o f  a sho re  l i n e ,  e s p e c i a l l y  fol lowing t h e  formation 
o f  narrowing bays o r  s t r a i t s ,  tends t o  r a i s e  t h e  h e i g h t  o f  t i d a l  waves. This 
i s  p r e c i s e l y  why very high t i d a l  waves (up t o  16.2 meters a t  syzygy) occur 
a t  t h e  Bay o f  Fundy on t h e  A t l a n t i c  coast  o f  Canada. I n  t h e  P a c i f i c  t h e  
g r e a t e s t  wave amplitude is  found on t h e  e a s t e r n  sho res  o f  Asia, where i t  may 
exceed 11 meters i n  p l a c e s .  

Glancing 

Since t i d a l  waves a r e  

The degree o f  d i s s e c t i o n  o f  ocean shores  a l s o  i s  d i r e c t l y  dependent upon 
t h e  r e l a t i v e  p o s i t i o n  o f  t h e  sho re  l i n e  and any l i n e a r  s t r u c t u r e s  p r e s e n t  
(mountain u p l i f t s  and t e c t o n i c  f r a c t u r e s ) .  In regions where t h e  d i r e c t i o n  o f  
t h e  sho re  coincides  with t h e  b a s i c  t e c t o n i c  l i n e s ,  t h e  d i s s e c t i o n  i s  minimal-- 
an example i s  t h e  sho re  o f  t h e  P a c i f i c ,  which s t r i k e s  p a r a l l e l  t o  t h e  
s t r u c t u r e s  o f  the P a c i f i c  c i r c u l a r  b e l t  o f  mountains and superabyssal  f r a c -  
t u r e s .  Wherever t h e  sho re  c u t s  ac ross  t h e  t e c t o n i c  s t r u c t u r e s ,  e i t h e r  a t  an 
angle  o r  pe rpend icu la r ly ,  one f i n d s  s t r o n g  d i s s e c t i o n :  t h i s  happens i n  t h e  
case o f  t h e  A t l a n t i c  shore of t h e  two Americas, Europe and Af r i ca ,  and t h e  
Indian shore  o f  Africa, Arabia,  Ind ia  and A u s t r a l i a .  O f  i n t e r e s t  i n  t h i s  
connection i s  th,e fac,t t h a t  t h e  shore l i n e  o f  t h e  Pacif ic  i n  gene ra l ,  coin- 
c ides  with t h e  l i n e  o f  t h e  western c r i t i c a l  c i r c l e ,  deformed a s  a r e s u l t  of  
t h e  t w i s t i n g  e f f e c t .  No such correspondence i s  observed i n  t h e  an t ipoda l  
hemisphere, where t h e  shore l i n e s  o f  t h e  A t l a n t i c  and Indian Oceans a r e  a t  a 
considerable  d i s t a n c e  from t h e  e a s t e r n  c r i t i c a l  c i r c l e  and from the  sub- 
meridional mountain u p l i f t s  a s s o c i a t e d  with i t  ( t h e  A t l a n t i c  and Indian 
submarine r anges ) .  

In  connection with t h e  d i f f e r e n c e s  be'tween t h e  P a c i f i c  and t h e  Indo- 
A t l a n t i c  sho res ,  we should not  f o r g e t . t h e  a c t i v e  c r e a t i v e  work done by r i v e r s ,  
which depos i t  i n  t h e  c o a s t a l  a r eas  a c o l o s s a l  amount o f  fragmental ,  sandy and 
muddy ma te r i a l  i n  t h e  form o f  a l l u v i a l  f a n s .  These d e p o s i t s ,  as they ac- 
cumulate and a r e  r e i n f o r c e d  by vege ta t ion ,  s t e a d i l y  i n c r e a s e  t h e  ex ten t  o f  
t h e  dry land.  In  t h i s  way t h e  a c t i v i t y  o f  r i v e r s  s t i l l  f u r t h e r  complicates 
t h e  o u t l i n e s  o f  t h e  c o n t i n e n t s .  According t o  d a t a  o f  D .  G i l l u l i  (1955), t h e  
r a t e  o f  c o a s t a l  sedimentat ion f o r  t h e  whole e a r t h  amounts on t h e  average t o  
36 cubic  ki lometers  p e r  m i l l i o n  yea r s  p e r  k i lome te r  o f  shore l i n e .  However, 
high border  ranges-?the American and t h e  Aus t r a l i an  c o r d i l l e r a  systems-- 
prevent  r i v e r  discharge i n t o  t h e  P a c i f i c  Ocean, d i r e c t i n g  i t  i n s t e a d  i n t o  t h e  
A t l a n t i c  and Indian Oceans, t h i s  s t i l l  f u r t h e r  complicates t h e  c o n t r a s t  
between t h e  P a c i f i c  and t h e  Indo-Atlant ic  types o f  sho re  l i n e .  
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CHAPTER 4 

LAWS OF THE FORMATION AND D I S T R I B U T I O N  OF MOUNTAIN BELTS 

i h e  very g r e a t e s t  mountain chains  
a r e  no more than subordinate  members o f  
those enormous s t ructura  1 phenomena 
which embrace t h e  whole globe. O n e  
can i n v e s t i g a t e  and desc r ibe  t h e  
p o s i t i o n  of t h e  l aye r s  and t h e  s t r u c t u r e  
o f e a c h  range i n d i v i d u a l l y ,  b u t  i t  i s  
impossible t o  a r r i v e  a t  a c o r r e c t  
expl nat ion of these phenomena w i  thout 
invoking t h e  d i s t r i b u t i o n  of mountain 
chains  i n  gene ra l .  

- - E .  Suess 

The processes  which deform the  e a r t h ' s  c r u s t  a r e  not  uniformly i n t e n s e ,  /E 
e i t h e r  i n  space o r  i n  t ime ,  The r e v o l u t i o n a r y - c r i t i c a l  epochs i n  t h e  e a r t h ' s  
h i s t o r y  were t imes o f  g r e a t  a c t i v i t y .  In  t h e  l a s t  o f  these-- the Alpine-- 
t h e r e  occurred t h e  formation of  t he  present-day C o r d i l l e r a s  and t h e  Mediter- 
ranean Alpine-Caucasus-Himalayan mountain b e l t .  The most s i g n i f i c a n t  mount- 
a i n s ,  mountain ranges,  mountain systems and mountainous regions a r e  not  
d i s t r i b u t e d  a t  random, however; they a r e  grouped i n  s e v e r a l  zonal,  submeri- 
dional  and meridional mountain b e l t s  which embrace t h e  whole p l a n e t .  But 
t he  o u t l i n e s  o f  t hese  formations would appear t o  be of  random c h a r a c t e r ,  
and t h e  widths a r e  extremely v a r i a b l e .  

T h e  Origin of  Geosynclines and Yountain Belts 

Since mountain b e l t s  e x i s t  a l l  over  t h e  e a r t h ,  it i s  c l e a r  t h a t  geo- 
sync l ina l -o rogen ic  deformation o f  t h e  l i t h o s p h e r e  must be regarded not  as 
i s o l a t e d  phenomena, b u t  r a t h e r  i n  connection with deformation of  t h e  e n t i r e  
p l a n e t ,  and i n  connection with changes i n  t h e  volume and f i g u r e  of  t he  p l a n e t  

/E as a whole. 

In p re se rv ing  i t s  volume, t h e  e a r t h  accumulates an enormous amount o f  
hea t  w i th in  i t s  i n t e r i o r  (through t r a n s f e r  of a p o r t i o n  o f  p o t e n t i a l  gra-  
v i t a t i o n a l  energy i n t o  i n t e r n a l  k i n e t i c  energy) .  
on t h e  h e e l s  o f  compression, t h e r e  follows a temporary expansion o f  t h e  e a r t h .  
Preceding (and indeed causing) t h e  epoch o f  expansion (during which the  
fo rces  of  r epu l s ion  predominate over t h e  f o r c e s  of  a t t r a c t i o n )  , g r a v i t a t i o n a l  
compression i s  thereby i t s e l f  temporar i ly  negated.  The i n i t i a l  geosyncl inal  
s t a g e  i n  t h e  developwent o f  a folded mountain b e l t  i s  explained by processes  
a s s o c i a t e d  with s t r e t c h i n g  of t h e  e a r t h ' s  c r u s t  during an epoch of  temporary 

The p l a n e t  "heats up", and, 
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expansion o f  the e a r t h .  I n  zones where t a n g e n t i a l  d i r e c t i o n s  a r i s i n g  during 
gene ra l  s t r e t c h i n g  o f  t h e  l i t h o s p h e r e  achieve t h e  g r e a t e s t  magnitude, t h e  
l i t h o s p h e r e  is  t h i n n e s t ;  it i s  h e r e  a l s o  t h a t  we f ind  t h e  mobile b e l t s  o f  
s t r e t c h i n g - - t h e  geosyncl ines .  F r a c t u r e s ,  i n e v i t a b l y  a r i s i n g  i n  zones o f  
c r u s t a l  s t r e t c h i n g ,  open rou te s  f o r  t h e  abundant r i s e  of  s o l u t i o n s  o f  
minerals ,  gas ,  o i l  and water .  The inc reased  "temperature" of  t h e  e a r t h  
during t h i s  epoch f avor s  t h e  melt ing o f  l a r g e  masses o f  abyssa l  m a t e r i a l ,  
p a r t i c u l a r l y  b a s a l t s ,  which a r e  rocks with t h e  lowest mel t ing p o i n t s ;  and 
t h i s ,  i n  combination with inc reased  pe rmeab i l i t y  o f  t h e  l i t h o s p h e r e ,  l eads  
t o  a wide d i s t r i b u t i o n  o f  vo lcan ic  phenomena. 

Thanks t o  the  fact  t h a t  t h e  mobile b e l t s  o f  t h e  l i t h o s p h e r e  during t h e  
geosyncl inal  s t a g e  r e c e i v e  an abundant q u a n t i t y  of v o l a t i l e  substances,  ho t  
vapors and s o l u t i o n s  from t h e  depths below t h e  Mohorovicic d i s c o n t i n u i t y ,  
t hey  d i f f e r  from o t h e r  p o r t i o n s  o f  t h e  e a r t h ' s  s u r f a c e  both dynamically and 
geochemically. 

A s  hea t  obtained from t h e  preceding c o n t r a c t i o n  o f  t h e  e a r t h  i s  ex- 
hausted,  t h e  expansion o f  t h e  p l a n e t  i s  again r ep laced  by compression. 
Tectonic  development during an epoch o f  compression i s  cha rac t e r i zed  by a 
deepening o f  geocyncl inal  troughs and by f o l d i n g  o f  t he  sedimentary s t r a t a  
which have f i l l e d  t h e s e  t roughs.  Folding, although expressed most c l e a r l y  
i n  geosyncl inal  zones (which a r e  more p l a s t i c  and f l e x i b l e  than p l a t fo rms) ,  
i s  by no means r e s t r i c t e d  t o  geosyncl ines ,  t a k i n g  t h e  p l a n e t  as a whole. 

which a l s o  s e r v e s  as a r e f l e c t i o n  o f  t h e  process  o f  c o n t r a c t i o n ,  as a form 
o f  r e a c t i o n  of  t h e  l i t h o s p h e r e  t o  the  c o n t r a c t i o n  o f  t he  e a r t h ' s  volume. 
Therefore,  during an epoch o f  compression (which is  t h e  epoch o f  g r e a t e s t  
c o n t r a c t i o n  of  t h e  p l a n e t a r y  r a d i u s ) ,  f o l d i n g  deformations n e c e s s a r i l y  
develop with maximal i n t e n s i t y .  

This i s  i n d i c a t e d  by t h e  u n i v e r s a l  f o l d i n g  of  t he  foundation o f  p l a t fo rms ,  /89 

A l l  t h a t  has been s a i d  above i s  supported by t h e  f a c t  t h a t ,  a p a r t  from 
processes  o f  compression and s t r e t c h i n g  o f  t h e  e a r t h ' s  c r u s t  accompanied by 
p u l s a t i o n  o f  t h e  t e r res t r ia l  volume and f i g u r e ,  no o t h e r  mechanism can 
support  an explanat ion o f  t h e  whimsical o r i e n t a t i o n  o f  synec l i zes  and an te -  
c l i z e s  (smooth troughs and rises which dismember p l a t fo rms) ,  s i n c e  t h i s  
o r i e n t a t i o n  r e q u i r e s  t h e  presence o f  a l t e r n a t e l y  compressive and s t r e t c h i n g  
f o r c e s  a c t i n g  i n  a l l  h o r i z o n t a l  d i r e c t i o n s .  

The mountains and ad jacen t  depressions formed i n  an epoch of  compression 
achieve t h e i r  g r e a t e s t  h e i g h t s  and depths where, during the  preceding epoch, 
sedimentat ion was p a r t i c u l a r l y  i n t e n s e  and prolonged--namely, i n  t h e  most 
f l e x i b l e  and p l a s t i c  p o r t i o n s  o f  t h e  l i t h o s p h e r e ,  t h e  geosyncl inal  dep res s ions .  
The complexity of t h e  o u t l i n e s  and s t r u c t u r e s  of mountain b e l t s ,  so s t r i k i n g  
t o  every a t t e n t i v e  observer ,  was e v i d e n t l y  condi t ioned by t h e  s t r u c t u r a l  
p e c u l i a r i t i e s  o f  zones o f  th inn ing ,  i n  which t h e  geosynclines appear,  n o t  
uncommonly l imi t ed ,  moreover, t o  abyssal  t e c t o n i c  f r a c t u r e s .  J u s t  as t h e  
s t r u c t u r e  and t h e  th i ckness  o f  t h e  c r u s t ,  as well as t h e  degree o f  i t s  
d i s i n t e g r a t i o n ,  do n o t  remain unchanged, n e i t h e r  does t h e  s t r u c t u r e  of 
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mountain b e l t s ,  s i n c e  t h e i r  form i n  t h e  p l ane  i n e v i t a b l y  becomes complicated 
i n  t h e  course o f  t ime. 

Consequently, t h e  s t r u c t u r e  of  folded mountain b e l t s  i s  i n  p a r t  primary, 
being i n h e r i t e d  from t h e  i n i t i a l ,  geosyncl inal  s t a g e ,  and i n  p a r t  secondary, 
being formed as a r e s u l t  of  t h e  l eng th  h i s t o r y  of t h e i r  development. 

Where Are Mountains Formed? T h e  Law o f  Zonal D i s t r i b u t i o n  of Mountain 
S y s  tems . 

S p a t i a l l y ,  orogenic movements a r e  l i m i t e d  t o  s e v e r a l ,  predominantly 
zonal ,  submeridional and meridional c r i t i c a l  c i r c l e s .  These l a r g e  and small 

o f  s t r u c t u r a l  b e l t s  along which t h e  u p l i f t e d  p o r t i o n s  achieve much g r e a t e r  
he igh t s  and t h e  depressed p o r t i o n s  much g r e a t e r  depths ,  than anywhere e l s e .  

c i r c l e s  a r e  morphologically expressed on t h e  f ace  o f  t h e  e a r t h  i n  t h e  form - /90 

T A B L E  4 .  Zonal Hypsometry of t h e  Northern Hemisphere (Af t e r  A .  A .  T i l l o ,  
1889; abbreviated)  

Mean A 1  t i  t u d e  
Belts i n  meters 

80"-70° 
70"--60" 
G0"-50° 
5oo-40" 
40"-30" 
30"--20" 
20"- IO" 
10"- 0" 

550 
360 
470 
770 

1350 
740 
520 
690 

Mean D e p t h  
i n  meters 

630 
890 

2130 
3650 
4150 
4150 
4100 
4 020 

F o r  t h e  Northern Hemisphere t h i s  i s  v i s u a l l y  i l l u s t r a t e d  by t h e  
accompanying Table,  from which it  is  evident  t h a t  t he  most s i g n i f i c a n t  
h e i g h t s  and depths a r e  concentrated i n  t h e  zone between 30" N and 40" N .  

This t a b l e  shows c l e a r l y  the marked dependence no t  only o f  t h e  he igh t  
of  t h e  mountain u p l i f t s ,  bu t  a l s o  o f  t h e  submontane and intermontane t roughs,  
upon t h e  f a c t o r  of  geographical l a t i t u d e .  

Somewhat l a t e r  than A .  A .  T i l l o ,  t h e  German geomorphologist Albrecht 
Penck, i n  t r y i n g  t o  determine t h e  upper l i m i t  of  t e r res t r ia l  e l e v a t i o n s ,  
c a l l e d  a t t e n t i o n  t o  t h e  fact  that  t h e  h i g h e s t  a l t i t u d e s  on e a r t h  a r e  con- 
c e n t r a t e d  between 27" and 30" N i n  t h e  Northern Hemisphere, o r  along t h e  
32nd p a r a l l e l  i n  t h e  Southern Hemisphere. 
wrote Penck, l i e  i n  t h e  Northern Hemisphere, w i th in  t h e  zone mentioned, and 

A Z Z  a l t i t u d e s  above 8,000 meters ,  
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h ighes t  known a l t i t u d e  i n  t h e  Southern Hemisphere--Aconcagua (about 7,000 
meters ) - - i s  a l s o  on t h e  32nd p a r a l l e l  (Table 5 ) .  

That mountain a l t i t u d e s  a r e  gene ra l ly  less i n  t h e  Southern Hemisphere 
than i n  t h e  Northern i s  ev ident  from Table 5 .  

TABLE 5 .  Zonal D i s t r ibu t ion  o f  Highest A1 t i  tudes 

Northern Hemisphere Southern Hemisphere 

Zone H i g h e s t  A l t i t u d e  i n  Zone H i g h e s t  A l t i t u d e  i n  
_. Zone i n meters 

_ _ _ _ ~ ~ ~  ~ 

Zone ,-i n meters 

80-70" N 

70-60" 
66-50" 
50-40" 
40-30" 

20-10" 
10- 0" 

30-20" 

Petermann Peak 

Mount Logan 
Browne Tower 
Khan-Teng r i 
K 2  
Eve r e s t  
C i  t l a l  tepac 
Cay ambe 

2 7939 

6,050 
4,880 
6 7 995 
8,611 
8,847 
5 , 700 
5 , 840 

80-70" S 

70-60" 
60-50" 
50-40" 
40-30" 

20- 10" 
10- 0" 

30-200 

Peak i n  Q u e e n  
Maud Range 5,180 
Mt.Stevenson 2,9bi 
M t .  Darwin 2,469 
M t .  Cook 3 764 
Acon cagua 6,960 
Ojos d e l  Salado 6,885 
Sa j ama 6 , 780 
Ch imborazo 6,272 

An imaginary s u r f a c e  r e s t i n g  on the  h ighes t  peaks o f  t h e  world would be 
found t o  gradual ly  r i s e  moving from t h e  poles  toward t h e  equator  u n t i l  approx- - /91 
imately t h e  32nd p a r a l l e ,  when . i t  would drop. But he re  i t  i s  important  t o  
no te  t h a t  nea r  t he  equator  t h e  su r face  would be h ighe r  than i n  t h e  p o l a r  
reg ions ,  and a l s o  i t  would,in genera l ,  be h ighe r  i n  t h e  Northern Hemisphere 
than i n  t h e  .Southern. 

The r e l a t i o n s h i p  between t h e  he igh t  o f  mountain peaks and l a t i t u d e  can 
be t r a c e d  out  even wi th in  t h e  Sovie t  Union, where an i n c r e a s e  o f  he igh t s  t o -  
ward t h e  35th p a r a l l e l  i s  r e a d i l y  apparent .  

Thus, i t  i s  near  t h e  c r i t i c a l  l a t i t u d e s  o f  +35" t h a t  zonal mountains /92 
achieve t h e i r  g r e a t e s t  h e i g h t s ,  and t h e  a s soc ia t ed  depressions achieve t h e i r  
g r e a t e s t  depths .  There can be no ques t ion  t h a t  t h i s  f a c t  is  a s soc ia t ed  with 
t h e  genera l  s t r u c t u r a l  p l an  of t h e  e a r t h .  

T h e  Origin o f  Mountain P a r a l l e l s  

Whereas the  causes o f  v a r i a t i o n  i n  p o l a r  compression a r e  e f f e c t i v e  
over  s o  long a pe r iod  t h a t  t h e  r ise o f  abyssa l  movements wi th in  t h e  e a r t h  i s  
a b l e  t o  b r i n g  about a change i n  i t s  form t o  correspond with new condi t ions ,  
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an increase o r  decrease  i n  a produces a subsidence o r  u p l i f t  o f  t h e  l i t h o s -  
phere of t h e  e q u a t o r i a l  zone which i s  t i e d  i n  with a subsidence o r  u p l i f t  of 
t h e  l i t hosphe re  of h ighe r  a l t i t u d e s .  
movements runs  along t h e  c r i t i ca l  35th meridians.  

The boundaries  o f  t h e s e  v a r i e d  ve r t i ca l  

TABLE 6 .  H i g h e s t  Points  i n  Sovie t  Mountainous Areas (Af te r  I .  S .  S h c h u k i n ,  
1938; modified) 

Mountainous Region H i  ghes t Poi n t Lat i t u d e  A l t i t u d e  i n  
mete rs  

~~ 

Urals Na rodnaya 65'03' 1,894 
Eastern Sayan Mun ku-  Sa rdy k 50'19' 3,491 
A1 tay Be 1 ukha 49'54' 4,506 
Ca u ca s u s  E l  'brus  43"32' 5,633 
T'ien-Shan Khan-Teng r i 42'29' 6,995 
Zaa 1 ays k i y Range L e n i n  Peak 39O20' 7 ,134 
Academy o f  Sciences Communism Peak 38'35 ' 7,495 

Range 

A s  a r e s u l t  o f  t h e  i n t e r a c t i o n  o f  p u l s a t i o n a l  and pulsation-wave o s c i l -  
l a t o r y  movements, t h e  amplitudes o f  p u l s a t i o n a l  o s c i l l a t i o n s  i n  zones above 
2 35" i n c r e a s e  toward t h e  p o l e s ,  whereas i n  t h e  e q u a t o r i a l  b e l t  they diminish 
wi th in  those  p a r t i c u l a r  b e l t s .  !The upZand reZief  of Africa,  AustraZia and 
South America i s  associated with the Zesser tectonic  mobili ty of the 
equatoria Z zone. 

With p u l s a t i o n a l  deformations o f  t h e  e a r t h  and p recess iona l  o s c i l l a t i o n s  
o f  i t s  r o t a t i o n a l  a x i s ,  t h e r e  a r i s e  wi th in  t h e  c r i t i c a l  l i m i t s  o f  t 35" 
l a r g e  g rad ien t s  o f  v e r t i c a l  o s c i l l a t o r y  movements and t a n g e n t i a l  s t r e s s e s ,  
which i n  t h e i r  t u r n  cause t h e  appearance o f  abyssa l  f r a c t u r e s  i n  t h e  e a r t h ' s  
c r u s t  t oge the r  with a s soc ia t ed  unde r th rus t s  and o v e r t h r u s t s .  Such i s  t h e  
p o s s i b l e  chain o f  causes r e s u l t i n g  i n  t h e  p a t t e r n  e x i s t i n g  between fo lded  and 
folded-block mountain s t r u c t u r e s ,  on t h e  one hand,- and t h e  e a r t h ' s  c r i t i c a l  
zones, on t h e  o t h e r .  

Folded-block mountains are formed i n  those  po r t ions  o f  a mountain b e l t ,  
where, a s  a r e s u l t  of comparatively g r e a t  r i g i d i t y  and low p l a s t i c i t y  o f  t h e  
e a r t h ' s  c r u s t ,  a g r e a t  r o l e  i s  played by f r a c t u r e s  and by ver t ica l  d i sp l ace -  
ment a long ind iv idua l  blocks o f  t h e  l i t h o s p h e r e .  
t h e  case o f  t h e  Altay and Sayan systems o f  southern S i b e r i a .  If t h e  pos- 

block mountains appear ,  o r ,  i f  the  e l eva t ion  o f  t h e  mountain system has been 
renewed, s tep-b lock  mountains. The t e c t o n i c  stresses of  t h e  b e l t  o f  t h e  
35th c r i t i c a l  p a r a l l e l  d i d  n o t  appear everywhere a t  t h e  same t i m e ,  bu t  r a t h e r  
i n  accordance with t h e  s t a g e  of  development 'o f  t h e  f i g u r e  and s u r f a c e  o f  t h e  
e a r t h ;  a l s o ,  they appeared unevenly, i n  connection with l o c a l  f e a t u r e s  o f  t h e  

We f i n d  such mountains i n  

s i b i l i t i e s  f o r  fo ld ing  have been exhausted,  o r  a r e  completely absen t ,  then /93 
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s t r u c t u r e  and t h e  preceding s t r u c t u r a l  development o f  p a r t i c u l a r  regions o f  
t h e  t e r r e s t r i a l  s u r f a c e .  For i n s t a n c e ,  during t h e  Paleozoic  t h e  Appalachian 
mountain system i n  America was formed as a p a r t  o f  t h e  t e c t o n i c  b e l t  o f  t h e  
3 5 t h p a r a l l e 1 , w h i l e  l a t e r  on, during t h e  T e r t i a r y ,  t h e  Alpine-Himalayan 
mountain system--the h ighes t  on t h e  Eurasian con t inen t  and on t h e  p l ane t - -  
was formed. 

In  a d d i t i o n ,  t h e  b e l t s  o f  t h e  35th p a r a l l e l s ,  no r th  and sou th ,  are 
i n t e r r u p t e d  by oceanic  t roughs:  i n  t h e  Northern Hemisphere by t h e  P a c i f i c  and 
A t l a n t i c  Oceans, i n  t h e  Southern Hemisphere by t h e  Indian Ocean. Here, one 
is  s t r u c k  by a remarkable and q u i t e  c h a r a c t e r i s t i c  f a c t - - t h e  absence of any 
very high o r  p e r s i s t e n t  mountain b e l t s  i n  these  oceans. To t h i s  r u l e  we 
f i n d  an except ion i n  t h e  case o f  t h e  Azores i n  t h e  A t l a n t i c  and t h e  Hawaiian 
I s l ands  i n  t h e  P a c i f i c :  b u t  t h e s e  are a s s o c i a t e d  no t  with east-west  bu t  r a t h e r  
with meridional o r  near-meridional  mountainous u p l i f t s .  

This appa ren t ly  s t r a n g e  c h a r a c t e r i s t i c  of t h e  ocean f l o o r  is  e n t i r e l y  
exp la inab le .  I t  i s  t h e  r e s u l t ,  first of  a l l ,  of  a n t i t h e s i s  i n  s t r u c t u r a l  
development ( t h e  world ocean i s  subs id ing  while  t h e  con t inen t s  are r i s i n g ) ,  
which leads t o  a b a s i c  d i f f e r e n c e  between t h e  composition and s t r u c t u r e  o f  t h e  
ocean bed and t h a t  o f  t h e  con t inen t s .  Secondly, i t  i s  t h e  r e s u l t  o f  t h e  
i m p o s s i b i l i t y  o f  any i n t e n s i v e  sedimentat ion i n  p o r t i o n s  o f  t h e  world ocean 
which a r e  fa r  removed from l and .  Therefore ,  s i n c e  t h e r e  a r e  no geosyncl inal  
sediments ( f a r  removed from land)  which are s u b j e c t  t o  compression, i n  t h e  
world ocean we f i n d  no fo lded  mountains growing ou t  o f  geosyncl ines ,  while 
t h e  formation o f  l a t i t u d i n a l  block mountains i s  prevented by t h e  g r e a t e r  
r i g i d i t y  ( i n  comparison with t h e  g r a n i t i c  con t inen t s )  o f  t h e  e x i s t i n g  b a s a l -  
t i c  ocean f l o o r ,  which ev iden t ly  p r e s e n t s  t oo  s t r o n g  a r e s i s t a n c e  t o  t h e  
t e c t o n i c  s t r e s s e s  of  t he  35th p a r a l l e l .  /94 

I t  i s  of  t h e  g r e a t e s t  i n t e r e s t  t h a t  on Mars, where t h e r e  are no 
o p p o r t u n i t i e s  f o r  geosyncl inal  development, and hence f o r  t h e  formation o f  
fo lded  mountains, t e c t o n i c  s t r e s s e s  wi th in  t h e  zone o f  i n f l u e n c e  o f  t h e  35th 
p a r a l l e l s  have l e d  t o  t h e  formation of  b l o c k ' u p l i f t s ,  which, as a r u l e ,  are 
bounded by f r a c t u r e s  (See I n s e r t ,  Figure 24)  : i n  t h e  Northern Hemisphere w e  
f i n d  Elysium, I s i d u s  Regio, Tempe, Arcadia and Olympus; and i n  t h e  Southern 
Hemisphere, under t h e  areographic  l a t i t u d e  of 35", a whole s t r i n g  o f  p l a t eau -  
l i k e  e l e v a t i o n s - - I c a r i a ,  Phaethont is ,  E l e c t r i s ,  E r idan ia ,  Ausonia, Hellas,  
Noachis, Argyre I ,  P r o t e i  Regio, Gigas and Thaumasia. The b e l t s  o f  f r a c t u r e s  
and block mountains n e a r  t h e  35th p a r a l l e l s  a r e  evidence o f  t h e  unevenness 
o f  t h e  p l a n e t ' s  a x i a l  r o t a t i o n .  That t h e  Martian mountains a r e  block-type 
r a t h e r  than fo lded  i s  confirmed, i n  p a r t i c u l a r ,  by t h e  prominent breaks i n  
t h e  p l a n e t ' s  c r u s t ,  observable  t o  us i n  t h e  form o f  branching b e l t s  of 
va r ious  width,  r e f e r r e d  t o  i n  t h e  areographic  l i t e r a t u r e  by t h e  unhappy term 
"canals". 
24)  corresponds t o  t h e  Pacific b e l t  o f  f r a c t u r e s  i n  our  own Northern Hemis- 
phe re .  On Mars, j u s t  as on t h e  e a r t h ,  w e  see t h e  e f f e c t  o f  t w i s t i n g  o f  t h e  
p l a n e t a r y  s u r f a c e  around t h e  axis o f  r o t a t i o n .  

A c l e a r l y  marked r i n g  o f  f r a c t u r e s  i n  t h e  zone o f  35' N (Figure 
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A second c r i t i ca l  p a r a l l e l  i n  both t e r r e s t r i a l  hemispheres i s  71'. 
As d i s t i n c t  from t h e  zones o f  t h e  35' c r i t i c a l  p a r a l l e l s ,  t h e  s u r f a c e  o f  ou r  
p l a n e t  n e a r  71' N and S is  much less d i s r u p t e d  by meridional  s t r u c t u r e s  and 
deformations.  I n  t h e  Northern Hemisphere, f o r  i n s t a n c e ,  t h e  Byrang Mountains 
i n  Taymyr, t h e  no r the rn  ranges o f  Baffin Land, and t h e  Brooks Range i n  North 
America are a s s o c i a t e d  with t h e  71st  p a r a l l e l .  
t he  71st p a r a l l e l  marks t h e  Cenozoic block s t r u c t u r e s  o f  East A n t a r c t i c a  and 
a l s o  c e r t a i n  Cenozoic vo lcan ic  phenomena. 

I n  t h e  Southern Hemisphere 

F rac tu res  a s s o c i a t e d  with t h e  71st p a r a l l e l s  d e v i a t e  i n  a d i r e c t i o n  
c l o s e  t o  t h e  east-west ;  s t r u c t u r e s  of  meridional s t r i k e  ( f o r  example, i n  t h e  
t r a n s i t i o n  from the  Urals and Pay-Khoy t o  t h e i r  extension i n  Novaya Zemlya) 
determine t h e  block s t r u c t u r e s ,  r e l i e f  and o u t l i n e s  of  t h e  sho res  of both 
t h e  Arctic and t h e  A n t a r c t i c .  

Asymmetry of t h e  Northern and Southern Mountain Para1 l e l s  

Turning ou r  a t t e n t i o n ,  now, from theory (Chapter 1, Figure 8-a)  t o  
obse rva t ions ,  we f i n d  it evident  t h a t  our  t h e o r e t i c a l  p r e d i c t i o n  o f  t h e  ex- 
i s t e n c e  o f  an t ipoda l  c r i t i c a l  p a r a l l e l s  i s  completely j u s t i f i e d .  

The Northern Hemisphere block mountain systems belonging t o  t h e  " b e l t  
of  t h e  g r e a t  c r u s t a l  fracture"--namely t h e  Azores, t he  Atlas Mountains, t h e  
Pyrenees,  t h e  Alps, t h e  Taurus-Dinarics,  t he  P a m i r s ,  t h e  Kuen-Lun, t he  
Himalayas, t h e  mountains o f  Southern Japan and H a w a i i ,  and t h e  Appalachians-- 
have a s  t h e i r  ant ipodes only t h e  Pampas S i e r r a s  of  South America, t h e  Cape 
and Drake Mountains i n  South Af r i ca ,  and the  Aus t r a l i an  Alps i n  sou theas t  
A u s t r a l i a .  

We f i n d  a l s o  an asymmetry between t h e  northern and southern zones o f  
t h e  circumpolar c r i t i c a l  p a r a l l e l s .  This is  exh ib i t ed  i n  t h e  p r e c i p i t o u s -  
ness  o f  t h e  sho res ,  i n  t h e  sharp v a r i a t i o n  i n  a l t i t u d e s  on t h e  coas t  o f  
A n t a r c t i c a ,  and i n  t h e  presence of  a deep-water t r ench  w i t h i n  t h e  zone o f  
i n f luence  o f  t h e  circumpolar p a r a l l e l :  t h e  sho re  of t he  A r c t i c  Ocean, by 
c o n t r a s t ,  p r e s e n t s  a more g e n t l e  t r a n s i t i o n  between land and s e a ,  while  t h e r e  
i s  no circumpolar t r ench  as i n  t h e  Southern Hemisphere. 

Thus, as a consequence of t h e i r  d i f f e ren t  rate  of change i n  polar 
compression, not  on Zy are the two hemispheres disymmetrica2 ( t h e  predominance 
o f  c o n t i n e n t a l  u p l i f t s  and dry land i n  t h e  Northern Hemisphere, and o f  
oceanic  subsidences and water  i n  t h e  Southern) ,  but the antipodal mountain 
b e l t s  are d i f f e r e n t .  This is  r e f l e c t e d  i n  var ious mountain peaks (both 
very h igh ,  such as Everest  and Aconcagua, and of medium h e i g h t ) ,  and i n  t h e  
width and e x t e n t  of  t h e  no r the rn  and southern mountain b e l t s .  Given the same 
m t e  of variat ion i n  polar cornpression i n  the two hemispheres, so fundamental 
a d i ver s i t y  between the  northern and southern halves of our planet could 
never have arisen. 
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Mountain Mer id ians  and T h e i r  Origin 

In  a d d i t i o n  t o  the c r i t i ca l  p a r a l l e l s  o f  ? 35' and ? 71", t h e  western 
and e a s t e r n  c r i t i c a l  b e l t s ,  and t h e  var ious  f r a c t u r e s ,  uplands and depres-  
s i o n s  a s soc ia t ed  with them t h e r e  are two c r i t i c a l  meridians on t h e  e a r t h ,  
namely 60 - 120' and 150 - 30'. 
series o f  s t r e t c h i n g s  and compressions genera ted  i n  t h e  l i t hosphe re  by t h e  
epe i rogene t i c  cen te r s  o f  t h e  North and South Poles .  
zones t h e r e  arise s t r e t c h i n g  t ens ions ,  and with subsidence o f  those  zones, 
compression t e n s i o n s ,  The c racks ,  f r a c t u r e s ,  s l i p s  and t h r u s t s  i n  t h e  e a r t h  ts  
c r u s t  which r e s u l t  from t h e s e  stresses run from t h e  poles  toward t h e  c r i t i c a l  
c e n t e r s  ( the  i n t e r s e c t i o n s  o f  t h e  35th p a r a l l e l s  wi th  t h e  western and e a s t e r n  
c r i t i ca l  c e n t e r s ) ;  they  r ep resen t  t h e  most weakened s e c t i o n s  o f  the  l i t h o -  
sphere .  

These meridians mark t h e  p o s i t i o n  o f  a 

With u p l i f t  o f  t h e  p o l a r  

The meridian o f  60' E marks t h e  Urals and a l s o  t h e  meridional  block 
mountains which l i e  under t h e  ice  o f  East An ta rc t i ca .  The o t h e r  c r i t i c a l  
meridian,  150' E ,  marks t h e  Verkhoyansk Range, t h e  Cherskiy Range, and t h e  
Aus t r a l i an  C o r d i l l e r a s ;  i t s  an t ipode ,  30' W ,  marks t h e  Mid-Atlantic Ridge, 
an enormous meridional  submarine range i n  t h e  A t l a n t i c ,  whose length  i s  
approximately 10,000 k i lometers ,  width about 550 k i lometers ,  and he igh t  above 
t h e  ocean f l o o r  3.5 - 4 k i lometers .  

Fig. 28. Rel ief  of  t he  A r c t i c  Ocean Floor.  (After  Ya. Ya. Gakkel ' ,  1957; 
Act ive Meridians Superimposed). 15 - la", 105 - 75" Are The Extemum Meri- 
d i ans ;  60 - 120°, 150 - 30" Are t h e  C r i t i c a l  Meridians.  
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I n  t h e  Arctic var ious  meridional  f r a c t u r e s  follow t h e  cr i t ical  meri- 
d ians ;  t hese  f r a c t u r e s  are r e spons ib l e  f o r  t h e  shape o f  t h e  e a s t e r n  coas t  o f  
Greenland and f o r  t h e  i n t e n s i v e  volcanism o f  Ice land .  Novaya Zemlya and t h e  
submarine Lomonosov Range, discovered by Ya. Ya. Gakkel' on 27  Apr i l  1948 
a l s o  l i e  on' t hese  meridians.  

The discovery o f  t h e  Lomonosov Range is very i n t e r e s t i n g .  The first 
suggest ion o f  t h e  ex i s t ence  o f  an underwater Arctic range j o i n i n g  'the Ver- 
khoyansk Range i n  Northeast  Asia with Ellesmere Land was advanced by t h e  
eminent Austr ian geo log i s t  Eduard Suess.  
depos i t s  of t h e  Evrek S t r a i t  and t h e  fo lded  mountains s t r e t c h i n g  from 
Greely's  Fiord t o  Scoresby Sound i n  t h e  Canadian Arc t i c  a rch ipe lago ,  and 
comparing them wi th  d a t a  c o l l e c t e d  by t h e  Russian i n v e s t i g a t o r  E .  V .  T o l l '  
on t h e  T r i a s s i c  rocks o f  Verkhoyansk Kray, Suess concluded t h a t  " these fo lded  
mountains e x h i b i t  t h e  s igns  of t h e  Asiatic a r c s ,  and can be assumed t o  rep-  
r e s e n t  t h e  terminus o f  an A s i a t i c  formation extending across  the  North Pole" 
(1909, pages 283 - 284).  Subsequently i t  was e s t a b l i s h e d  t h a t  t h e  fo lded  
mountains o f  Grant Land and Ellesmere Land a r e  o f  g r e a t e r  age (Schuchert ,  
1923; Cox, 1935) than t h e  Verkhoyansk Range; and t h i s  l e d  t o  Suess ' s  hypo- 
t h e s i s  o f  a submarine range i n  t h e  Arc t i c  be ing  l a i d  a s ide  and fo rgo t t en .  
But a t  t h e  end of  t h e  f o r t i e s  o f  t h i s  cen tury ,  V .  A.  Tokarev, N .  Ye Mart' 
yanov and t h e  p re sen t  wr i te r ,  although us ing  abso lu te ly  d i f f e r e n t  l i n e s  o f  
approach, concluded t h a t  such a submarine range must e x i s t .  
researchers  reached t h e  same conclusion independent ly ,  and t h e  l a t t e r  two of  
them had no knowledge of  Suess ' s  e a r l i e r  surmise.  

I n  s tudying  t h e  fo lded  T r i a s s i c  

/98 

These t h r e e  

In t h e  case o f  t h e  An ta rc t i c  we f i n d  meridional  block s t r u c t u r e s  
a s soc ia t ed  with t h e  c r i t i c a l  meridians;  t h e s e  extend a l l  t h e  way from t h e  s e a  
t o  the  South Pole .  In  t h i s  region Cenozoic vulcanism is  a l s o  a s soc ia t ed  with 
t h e  c r i t i c a l  meridians (Figure 29) .  

The conception o f  c r i t i c a l  (or  t%nountainIl) meridians is  of  g r e a t  
prognos t ic  va lue .  
was confirmed once aga in  by t h e  work o f  t he  Third Sovie t  Cont inenta l  An ta rc t i c  
Expedi t ion,  t h e  p a r i c i p a n t s  of which discovered a l a r g e  group o f  h i t h e r t o  
unknown block mountains, l y ing  wi th in  the  zone o f  i n f luence  o f  t h e  c r i t i c a l  
meridian of 60'. 
o f  block s t r u c t u r e s  (ho r s t s  and grabens) stretcb4,;rlg from Prydz Bay t o  the 
South Pole i t s e l f ,  and poss ib ly  even f a r t h e r  toward Amundsen Sea'. 
s e c t o r  i s  a t  l e a s t  500 k i lometers  wide (P. S. Voronov, 1959).  

Following t h e  discovery o f  t h e  Arctic submarine range this 

These mountains a r e  only a p a r t  o f  the meridional  s e c t o r  

This 

A cons iderable  p a r t  o f  the l eng th  of t h e  so -ca l l ed  mountain meridians 
(60°, 150°, 120', 30') l i e s  i n  t h e  sea, and the 30th  meridian Cassociated 
with t h e  Mid-Atlantic Range) i s  e n t i r e l y  i n  t h e  sea. The 6 0 t h  meridian (and 

The meridional  depression ly ing  i n  t h i s  s e c t o r  which was named V a l l e y  o f  
Moscow S t a t e  Universi ty"  was s o  designated i n  honor o f  t h e  Third I n t e r n a t i o n a l  
Geophysical Year. I t  i s  1,300 k i lometers  i n  iength .  

~ __ _ _ ~  .. _ _ _ _  
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F i g .  29. S t r u c t u r e  of Antarc t ica  and t h e  Ocean Floor;  C r i t i c a l  C i rc l e s  of  
Deformation. ( T h e  S t r u c t u r a l  Scheme is That of  P .  S .  Voronov, 1960; the 
C r i t i c a l  C i rc l e s  Are a s  Conceived by t h e  Present  Wr i t e r ,  1955, 1958). 
60 P 120", 150 - 30" a r e  t h e  C r i t i c a l  Meridians;  71" is t h e  C r i t i c a l  P a r a l l e l .  
On the  Left  is the  Western C r i t i c a l  C i r c l e ,  O n  t h e  R i g h t  t h e  Eas te rn .  

1 - Post-Proterozoic  Platforms;  2 - Regions of Caledonian Folding; 3 - 
Regions of Hercynian Folding; 
Region of t h e  P a c i f i c  Ocean; 
7 - Direct ion of  Main Cenozoic F rac tu res ;  8 - A l p i n e  Foredeeps; 9 - Region 
o f  Presumed Rel ics  of Caledonides; 
1 1  - Oceanic Basins of  Greater  D e p t h :  a )  5,000 m ;  b)  4,000 in; 12 - E p i -  
c en te r s  of  Modern Earthquakes; 13 - Cenozoic Volcanoes. 

4 - Regions of  A l p i n e  Folding; 5 - Simatic  
6 - Direct ion of Axes of  the Main Folds;  

10 - Cer ta in  Cenozoic Block S t r u c t u r e s ;  

i t s  ant ipode ,  t h e  120thZ i s  Ln the s e a  s o u t h  o f  the TropZc o f  Cancer 
( a s soc ia t ed  wi th  the Indian  and Pacific submarSne!rangesI. 
o f  t h e  150th meridian i s  i n  the sea. 
(+ 35") are i n t e r r u p t e d  by oceanic  t roughs,  bu t  
mountain meridians,  l e  f i n d  that t h e  Ural Mountains have a cont inua t ion  2n / l o0  
a submarine range i n  t h e  Indian  Ocean; t h e  North Amerzcan CordSlleras ,  

The c e n t r a l  p a r t  
The so -ca l l ed  mountain p a r a l l e l s  

this i s  not. t r u e  o f  t h e  
- 
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s i m i l a r l y ,  cont inue i n  a range beneath t h e  Pacific; and the Aus t r a l i an  
C o r d i l l e r a s  and t h e  Verkhoyansk Range " take upt1 along t h e  meridian i n  t h e  
Lomonosov Range. 

Meridional mountain systems a r e  o f  g r e a t e r  b read th  and length  than  
zonal mountain systems. The underwater mountain ranges o f  t h e  A r c t i c  ( the  
Lomonosov), t h e  Indian  and t h e  A t l a n t i c  Oceans, and poss ib ly  a l s o  t h e  P a c i f i c ,  
a r e  no t  folded s t r u c t u r e s ,  bu t  r a t h e r  block-type e l eva t ions :  i n  o t h e r  words, 
i t  was n o t  fo ld ing ,  bu t  r a t h e r  t h e  movement o f  blocks o f  t h e  l i t hosphe re  
along f r a c t u r e s  which played t h e  main r o l e  i n  t h e i r  formation. A s  d i s t i n c t  
from t h e  mountain ranges o f  t h e  con t inen t s ,  t h e  oceanic  ranges a r e  composed 
mainly o f  b a s a l t i c  r a t h e r  than g r a n i t i c  m a t e r i a l .  

The o r i g i n  of  underwater oceanic  ranges is  regarded,  a t  t h e  p re sen t  
t ime,  a s  being a s s o c i a t e d  with p l ane ta ry  t e c t o n i c  f r a c t u r e s  and volcanic  
processes1 .  Judging by t h e  t e r r a c e d  c h a r a c t e r  o f  both t h e  e a s t e r n  and t h e  
western s lopes  of  t h e  P a c i f i c  Range (Kh.  Khess, 1955),  one may presume t h a t  
t h e  range was formed i n  s t a g e s ;  t h i s  would account f o r  i t s  e x t e r n a l ,  s t e p -  
l ike ,  block cha rac t e r .  A s  a r e s u l t  of  i n v e s t i g a t i o n s  conducted during t h e  
p a s t  f e w  years  it has  become inc reas ing ly  c l e a r  t h a t  no t  only t h e  Mid-Atlantic 
Range, bu t  a l s o  a number of o t h e r  mountain s t r u c t u r e s ,  both above and below 
s e a  l e v e l ,  were formed b a s i c a l l y  by v e r t i c a l  r a t h e r  than  ho r i zon ta l  move- 
ments. I n  t h e  oceanic  p o r t i o n s  o f  mountain b e l t s ,  r a d i a l  u p l i f t s  a c t i n g  on 
t h e  s u r f a c e  o f  t h e  e a r t h  from wi th in  t h e  p l a n e t  exe r t ed  a s t i l l  more sub- 
s t a n t i a l  i n f luence  on t h e  e x t e r n a l  c h a r a c t e r  o f  ranges than they d i d  on 
ord inary  dry land.  

Along with t h e  r a t h e r  important  f a c t o r  o f  mountain-formation, w e  must 
n a t u r a l l y  cons ider  t h e  process  o f  s e r p e n t i n i z a t i o n .  I r e f e r  t o  t h e  f a c t  
t h a t  i n  fo lded  mountains a r i s i n g  from geocyncl ines ,  and a l s o  i n  oceanic  
ranges,  t h e r e  is  a wide d i s t r i b u t i o n  of  u l t r a b a s i c  green rock, p a r t i c u l a r l y  
t h e  s e r p e n t i n i t e s 2 .  

In t h e  overwhelming major i ty  o f  cases  t h e  i n t r u s i o n  o f  s e r p e n t i n i t e s  /101 
i n t o  t h e  e a r t h ' s  c r u s t  co inc ides  wi th  t h e  f i rs t  g r e a t  deformat.ion o f  t h e  
c r u s t  (E. Suess ,  1909). This circumstance enables  us n o t  only t o  a r r i v e  a t  
an accu ra t e  e s t ima te  o f  t h e  age o f  any given mountain system (on t h e  b a s i s  o f  
t h e  age o f  t h e  s e r p e n t i n i t e s ) ,  b u t  a l s o  t o  suppor t  t h e  hypothes is  o f  Kh. 
Khess (1955) t o  t h e  effect  t h a t  mountain ranges (and p a r t i c u l a r l y  submarine 
ranges)  may have a r i s e n  as a r e s u l t  o f  s e r p e n t i n i z a t i o n .  

But what is  t h e  essence o f  t h i s  p rocess ,  what is i t s  t e c t o n i c  s i g n i f i -  
cance,  and how can i t s  marked l o c a l i z a t i o n  i n  mountainous b e l t s  be  explained? 

I Dzh. T. V i l ' son ,  "Geophysics and t h e  G r o w t r o f  t h e  Continents",  Priroda, 

* According t o  Kh. Khess (1955) t h i s  has been f i rmly  e s t a b l i s h e d  f o r  t h e  
Mid-Atlantic Range. 

No. 8,  1959. 
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I n  the chap te r  on geographical  homologies we d iscussed  t h e  abyssa l  
process  o f  t h e  formation o f  q u a r t z ,  which i s  t h e  p r i n c i p a l  component p a r t  
o f  t h e  g r a n i t i c  l i t h o s p h e r e  o f  t h e  con t inen t s .  
temperatures  o f  1,000 - 1,500°C, and i s  a c c e l e r a t e d  by any lowering of 
e x t e r n a l  p re s su re .  Quartz ,  which has a lower d e n s i t y  than t h e  f o r s t e r i t e  
which i s  formed along wi th ,  " f l o a t s t 1  along cracks ( i f  any a r e  p re sen t )  and 
rises from t h e  mantle i n t o  t h e  l i t h o s p h e r e .  
dominate dur ing  an epoch o f  e a r t h  expansion ( increased  temperature ,  lowered 
p res su re  o f  upper l aye r s  on those  underneath,  t h e  presence o f  abyssa l  c racks)  
f avor  t h e  abyssa l  process  o f  quar tz - format ion  and t h e  bui ld-up of t h e  g r a n i t i c  
l i t h o s p h e r e  from underneath.  

This process  takes p l a c e  a t  

The condi t ions  which pre-  

When an epoch o f  compression sets i n ,  t h e r e  i s  a reduct ion  o f  t h e  
e a r t h  I s  " temperature" , t h e  p re s su re  exe r t ed  by over ly ing  s t r a t a  i n c r e a s e s ,  
and t h e  cracks i n  t h e  l i t h o s p h e r e  a r e  c losed ,  remaining open only i n  those  
a reas  o f  t h e  e a r t h  where t h e  g rad ien t s  o f  v e r t i c a l  o s c i l l a t i o n s  are g r e a t e s t  
( t h a t  i s ,  areas coming under t h e  in f luence  of  t h e  c r i t i c a l  c i r c l e s ) .  The 
r e a c t i o n  o f  quartz-formation i s  e i t h e r  a t t enua ted ,  o r ,  i f  condi t ions  o f  
compression a r e  extremely unfavorable  f o r  i t  (as when t h e  temperature  drops 
below l,OOO°C), h a l t e d  e n t i r e l y .  

When t h e  temperature  drops t o  5OO0C t he  process  o f  s e r p e n t i n i z a t i o n  
begins  i n  t h e  mantle.  
and "abandoned" by t h e  r i s i n g  q u a r t z ,  e n t e r s  i n t o  a r e a c t i i n  with water  
(which i s  given o f f  i n  a f r e e  s t a t e  during e a r t h  compression) and i s  con- 
v e r t e d  i n t o  s e r p e n t i n e :  

The f o r s t e r i t e  formed during t h e  epoch o f  expansion 

(13) 
2Mg,SiO, + Mg,SiO, +- 4H,O = 

f o r s t e r i t e  + e n s t a t i t e l  + water  

= 2 (3Mg0.2Si0;2H20) + Q kca 1 
= s e r p e n t i n e  + hea t  

/ l o 2  

During s e r p e n t i n i z a t i o n  t h e  volume, o f  t h e  rock inc reases  by some 25 
percent--which i s  t o  say  by an amount 6 times a s  g r e a t  a s  dur ing  t h e  formation 
o f  qua r t z  (4 p e r c e n t ) .  This i n e v i t a b l y  r e s u l t s  i n  a r i s e  o f  t h e  l i t h o -  
sphere  by 3 - 5 meters i f  t h e r e  i s  an i n f l u x  o f  water .  Kh. Khess (1955) 
be l i eves  t h a t  t h i s  i s  p r e c i s e l y  t h e  way i n  which t h e  Mid-Atlantic Range rose  
3.5 - 4 k i lometers  above t h e  ocean f l o o r .  

Se rpen t in i za t ion  occurs  mainly during phases of  compression, when t h e  
major i ty  o f  f r a c t u r e s  i n  t h e  l i t hosphe re  have been c losed ,  and only abyssa l  

I E n s t a t i t e  i s  a mineral  which, a long with f o s t e r i t e ,  c l i n o e n s t a t i t e  and 
o t h e r  minera ls ,  forms t h e  rocks o f  t h e  p e r i d o t i t e  group composing t h e  e a r t h ' s  
mant le .  

~ 
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f r a c t u r e s  a s s o c i a t e d  with t h e  c r i t i c a l  c i r c l e s  of t h e  e l l i p s o i d  remain--to 
se rve  as rou te s  f o r  t h e  movement o f  water .  I t  becomes unders tandable ,  t h e r e -  
f o r e ,  why t h e  process o f  mountain-formation, and t h e  r a d i a l  u p l i f t s  a s soc ia t ed  
with it , is c o n t r o l l e d  by t h e  c r i t i c a l  c i r c l e s  , and p a r t i c u l a r l y  t h e  c r i t i c a l  
meridians.  
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CONCLUSION 

. . . It  has been  s u f f i c i e n t l y  d e m n -  
s t r a t e d  t h a t  d i f f e r e n t  forces  may 
produce t h e  same r e s u l t s ,  and t h a t  
t h e  condi t ion  of the  t e r r e s t r i a l  
g lobe ,  i t s  o r b i t a l  movement around 
t h e  sun ,  i t s  a x i a l  r o t a t i o n ,  and even 
t h e  movement of  t h e  moon around t h e  
e a r t h ,  may very w e l l  b e  s t r i c t l y  
in te rconnec ted ,  e s t ab l i shed  opinion 
t o  t h e  cont ra ry  n0tw. i  ths tanding .  

--Ye. V.  Bykhanov 

We now s e e  t h a t  t h e  t e r res t r ia l  globe,  be ing  compressed by t h e  fo rce  / l o 3  
of g r a v i t y  and compacted i n  i t s  depths through physico-chemical transforma- 
t i o n s  and denser  "packing" o f  p a r t i c l e s ,  i s  a l s o  s u b j e c t  t o  asymmetrical 
deformation by r o t a t i o n a l  f r o c e s ,  which g ive  i t  t h e  f i g u r e  o f  a cardioidul 
e l l i p so id .  The compression o f  t h e  e a r t h  i s  accompanied by a l i b e r a t i o n  o f  
p o t e n t i a l  g r a v i t a t i o n a l  energy-- the b a s i c  source  o f  "power" f o r  t e c t o n i c  
p rocesses .  Since a c c e l e r a t i o n  o f  t h e  e a r t h ' s  r o t a t i o n  i s  n o t  cons tan t  
(because t h e  compaction o f  t e r r e s t r i a l  m a t e r i a l  and t h e  con t r ac t ion  o f  t h e  
e a r t h ' s  volume a r e  n o t  c o n s t a n t ) ,  t h e  s e c u l a r  d e c e l e r a t i o n  o f  t h e  e a r t h ' s  
r o t a t i o n  which r e s u l t s  from t i d a l  f r i c t i o n  i s  no t  cons tan t  e i t h e r :  j u s t  l i k e  
an an ima l ' s  h e a r t ,  t h e  e a r t h  i s  con t inua l ly  p u l s a t i n g ,  and changing i t s  volume 
and shape.  Every epoch o f  compression i s  succeeded by an epoch o f  expansion. 
This leads  t o  t h e  formation o f  c a v i t i e s  w i th in  t h e  body o f  t h e  p l a n e t ,  and t o  
t h e  formation o f  l i n e s  o f  maximal r a d i a l  stress on t h e  su r face - - the  s o - c a l l e d  
extremum c i rc l e s .  Between t h e s e  a r e  t h e  c r i t i c a l  c i rc l e s ,  which mark the  
boundaries  o f  r a d i a l  movements o f  var ious  d i r e c t i o n .  These i n t e r r e l a t e d  
deforming f o r c e s ,  de r ived  from t h e  e a r t h ' s  compression and r o t a t i o n ,  r e s u l t  
i n  t e c t o n i c  movements i n  t h e  mantle ,  t h e  l i t hosphe re  and t h e  hydrosphere.  
They c r e a t e  t h e  zonal ,  mer id iona l ,  submeridional and segmental  s t r u c t u r e s  o f  / l o4  
t h e  e a r t h ' s  c r u s t ,  as we l l  a s  t h e  a l t e r n a t i n g  t r a n s g r e s s i o n s  and r eg res s ions  
o f  oceanic  waters .  Moreover, s h i f t s  i n  t e r r e s t r i a l  masses o f  water a l t e r n a t e  
i n  space  as well a s  i n  t i m e ,  thus  b r ing ing  about t r a n s g r e s s i v e  and r eg res s ive  
epochs ( t h e  s p a t i a l  a l t e r n a t i o n s  a r e  a s s o c i a t e d  wi th  f l u c t u a t i o n s  i n  t h e  
f i g u r e  o f  t h e  e a r t h ,  t h e  t ime a l t e r n a t i o n s  wi th  f l u c t u a t i o n s  i n  i t s  volume). 

The enormous energy l i b e r a t e d  dur ing  abyssa l  compression of  t h e  e a r t h  
i s  d i s t r i b u t e d  unevenly over  t h e  p l a n e t ' s  s u r f a c e .  I t  i s  l o c a l i z e d  i n  t h e  
zones which come under t h e  in f luence  of t h e  a c t i v e  c i rc les  and cen te r s  o f  
t h e  t e r r e s t r i a l  e l l i p s o i d :  t h e  energy i s  d i r e c t l y  p ropor t iona l  t o  one ' s  
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nearness  t o  t h e  c i r c l e s  and c e n t e r s .  I n  t h e  b e l t s  o f  t h e  c r i t i c a l  circles w e  
f i n d  mainly a concen t r a t ion  o f  t h e  energy o f  compression; i n  t h e  b e l t s  o f  t h e  
extremum c i r c l e s ,  mainly a concen t r a t ion  o f  k i n e t i c  energy. 

The d i f f e r e n c e  i n  t h e  p o t e n t i a l  ene rg ie s  i n  oppos i t e  hemispheres, which 
i s  a s s o c i a t e d  with t h e  e a r t h ' s  asymmetry with r e s p e c t  t o  t h e  e q u a t o r i a l  p l ane  
and t h e  p l ane  o f  t h e  105 - 75" meridian,  i n  i t s  t u r n  produces a d i f f e r e n c e  i n  
t h e  a c t i v i t y  of  t he  an t ipoda l  geodynamic c i r c l e s .  

The d i s t r i b u t i o n  o f  t h e  l a r g e s t  o b j e c t s  o f  t e r r e s t r i a l  re l ief  ( the  
con t inen t s  and oceans) i s  s u b j e c t  t o  t h e  l a w  o f  t he  extremum a c t i v e  c e n t e r s  
and c i r c l e s ,  while  t h e  d i s t r i b u t i o n  o f  mountain zones i s  s u b j e c t  t o  t h e  law o f  
c r i t i c a l  a c t i v e  c i r c l e s .  The extremum a c t i v e  c e n t e r s  and c i r c l e s  a r e  epe i ro -  
g e n e t i c ;  t h e  c r i t i c a l  a c t i v e  c i r c l e s  a r e  o rogene t i c .  

The e p e i r o g e n e t i c  a c t i v e  c i r c l e s  and c e n t e r s  i n  t h e i r  t u r n  are divided 
i n t o  two groups--the proper epeirogenetic group a s s o c i a t e d  with t h e  formation 
o f  c o n t i n e n t s ,  and t h e  thalassogenetic group, a s s o c i a t e d  with t h e  oceans.  
Oceanic subsidences and c o n t i n e n t a l  u p l i f t s  a r e  balanced a g a i n s t  each o t h e r ,  
mutually r e l a t e d ,  and an t ipoda l  i n  d i s t r i b u t i o n  and development. I t  i s  along 
the  c r i t i c a l  l i n e s  t h a t  w e  observe t h e  g r e a t e s t  u p l i f t s  and subsidences on 
t h e  e a r t h ' s  s u r f a c e ;  t h e s e  are not sha rp ly  marked o f f  from each o t h e r  i n  t h e  
s p a t i a l  s ense ,  as a r e  t h e  con t inen t s  and oceans, b u t  i n s t e a d  co -ex i s t  w i th in  
t h e  same mountain b e l t s .  The r i s e  o f  "kernels  o f  growthtt o f  t h e  con t inen t s  
took p l a c e  i n  regions under t h e  in f luence  o f  t h e  epe i rogene t i c  c e n t e r s ;  t h e  
r i s e  o f  fold-block and block mountains ( the  former wi th in  t h e  l i m i t s  o f  
c o n t i n e n t s ,  t h e  l a t t e r  w i th in  t h e  l i m i t s  o f  oceans) took p l ace  wi th in  zones /lo5 
under t h e  in f luence  o f  t h e  o rogene t i c  c i r c l e s  o f  t h e  t e r r e s t r i a l  e l l i p s o i d .  

The con t inen t s  and oceans o f  ou r  p l a n e t  a r e  d i s t r i b u t e d  as fol lows,  
on t h e  b a s i s  o f  f o u r  epe i ro -  and t h a l a s s o g e n e t i c  c e n t e r s ,  and t h r e e  epe i ro -  
and t h a l a s s o g e n e t i c  c i r c l e s  : 

( V = o o .  

t h e  Pacif ic  thaZassogenetic center; 
k=-11(j5°) : t h e  'Ipole" o f  t h e  Western Hemisphere-- 

(V=oo, A =  15") - : t h e  "pole" o f  t h e  Eastern Hemisphere--the 

African epeirogenetic center; 

(p : t h e  po le  o f  t h e  Northern Hemisphere--the Arc t i c '  
tha Zassogene t i c  center; 

CP -90''- : t h e  po le  of  t h e  Southern Hemisphere--the Antarctic 

epeirogenetic center: 

A =  105-75"- , t h e  g r e a t  c i rc le  o f  t h e  epe i rogene t i c  meridian 

o f  the  minor e q u a t o r i a l  a x i s ;  
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cp=62O- : t h e  small c i rc le  of the epe i rogene t i c  p a r a l l e l ;  and 
(P = -620 : the small c i rc le  o f  t h e  t h a l a s s o g e n e t i c  p a r a l l e l .  

As a r e s u l t  o f  t h e  i n t e r r e l a t i o n s h i p  and i n t e r a c t i o n  of  t h e  epe i ro -  
genet ic .  meridian and p a r a l l e l  i n  t h e  Northern Hemisphere , two a d d i t i o n a l  
e p e i r o g e n e t i c  c e n t e r s  e x i t :  

((p f 62O, X = 105") - 

(cp = 6 2 O ,  h -759)' , t h e  Canadian. 

, t h e  S ibe r i an  

and 

The e p e i r o g e n e t i c  c e n t e r s  o f  South America and A u s t r a l i a  are a s s o c i a t e d  
with t h e  c i rc le  o f  t h e  e p e i r o g e n e t i c  meridian o f  105 - 75"; they are w i t h i n  
t h e  zone between t h e  35th ( c r i t i c a l )  p a r a l l e l  and t h e  equator .  

Mountain systems are d i s t r i b u t e d  on t h e  b a s i s  o f  e i g h t  l a r g e  and small  
c r i t i c a l  c i r c l e s .  There are f o u r  small an t ipoda l  c i r c l e s  formed by t h e  
c r i t i ca l  l a t i t u d e s  o f  ? 35" and ; 71", two small an t ipoda l  c r i t i c a l  circles 
(western and e a s t e r n )  , and, f i n a l l y ,  two g r e a t  circles , t h e  c r i t i ca l  meridians 
60 - 120" and 150 - 30°, which o f  course i n t e r s e c t  a t  the North and South 
Poles .  

The formation, development and d i s t r i b u t i o n  o f  t h e  oceans, con t inen t s  
and mountain b e l t s  are r e l a t e d  (1) with t h e  formation o f  t h e  moon i n  t h e  
immediate v i c i n i t y  o f  t h e  e a r t h ,  and with t h e  subsequent removal o f  t h e  p l a n e t  
as a r e s u l t  o f  t i d a l  i n t e r a c t i o n  i n  t h e  Earth-Luna system, and (2)  with t i d a l  
braking and o s c i l l a t o r y  v a r i a t i o n s  i n  t h e  e a r t h ' s  r o t a t i o n a l  v e l o c i t y .  S h i f t s  
i n  t h e  po le s  o f , r o t a t i o n  have se rved  as a s u b s t a n t i a l  f a c t o r  i n  r e juvena t ing  
t h e  a n c i e n t  p l a n e t a r y  r e l i e f .  

- / l o 6  

The t e c t o n i c s  and re l ief  o f  t h e  e a r t h ' s  an t ipoda l  c r i t i c a l  c i r c l e s  are 
asymmetrical as regards t h e i r  development. This s t r u c t u r a l  d i f f e r e n c e  was 
brought about by t h e  asymmetry of t h e  e a r t h  with respect t o  t h e  e q u a t o r i a l  
plane and t h e  e p e i r o g e n e t i c  meridian o f  105 - 75". 

The Northern Hemisphere i s  b a s i c a l l y  c o n t i n e n t a l  i n  c h a r a c t e r ,  t h e  
Southern Hemisphere b a s i c a l l y  oceanic.  The shores  o f  t h e  northern con t inen t s  
a r e  very uneven and v a r i e d  i n  o u t l i n e ,  whereas those of t h e  southern c o n t i -  
nen t s  are smooth. In  t h e  n o r t h  w e  f i n d  a ' 'great  f r a c t u r e  i n  t h e  e a r t h ' s  c rus t " ,  
and an a l p i n e  system o f  folded mountains i n  t h e  Southern Hemisphere t h e r e  i s  
nothing equ iva len t  t o  t h e s e  formations1. 

No less s i g n i f i c a n t  are t h e  d i f f e r e n c e s  between t h e  Eastern Hemisphere 
(pole  a t  4, = O " ,  Xe = 15") ,  which is  c o n t i n e n t a l  i n  c h a r a c t e r ,  and t h e  

Western Hemisphere (pole  a t  @w = 0" , Aw = 

s e c t p r s  of  t h e  l i t h o s p h e r e  has a t t r a c t e d  t h e  a t t e n t i o n  of  many w r i t e r s :  A .  P .  
i n s k i y  (1888) , D .  G .  Panov (1949 , N .  I .  Leonov 1949) , V . V .  Belousov 

-165") , which is  oceanic  i n  

Vie d i f f e r e n c e  i n  t h e  s t r u c t u r e  and development o f  t h e  no r the rn  and southern 

%%4) and A. B.  Ronov and V .  Ye. d a i n  (1954 - 195 .j ) ,  e t c .  
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c h a r a c t e r .  The Pacif ic  Ocean is rimmed by a g i g a n t i c  r i n g  o f  mountains, 
volcanoes,  superabyssal  f r a c t u r e s  and earthquake zones; A f r i c a  is  an an t ipoda l  
r i n g  o f  lesser f r a c t u r e s  and earthquake zones, t o  which t h e  Caucasus, t h e  
Alps,  t he  A t l a n t i c ,  t h e  Af r i can -Anta rc t i c  and t h e  Indian mountain ranges are 
s u b s i d i a r y .  

The meridian o f  105 - 7S0 is  no mere convent ional  l i n e  o f  demarcation 
l i k e  t h e  Greenwich meridian; i t  r e p r e s e n t s  t h e  phys ica l  boundary between two 
d i s t i n c t  hemispheres, i n  which t h e  e a r t h ' s  c r u s t  p r e s e n t s  q u i t e  d i f f e r e n t  
c h a r a c t e r s .  I n  t h e  Upper Paleozoic  and t h e  Triassic s t r a t a  o f  t h e  P a c i f i c  
area w e  f i n d  subsidences (East A s i a ,  western p a r t  o f  North America), whereas 
i n  the  "African s e c t o r "  u p l i f t s  have taken p l ace  (Europe, e a s t e r n  p a r t  o f  
North America). During t h e  J u r a s s i c  and Cretaceous pe r iods  , on t h e  con t r a ry ,  
t h e r e  were s i g n i f i c a n t  u p l i f t s  i n  t h e  Western Hemisphere which corresponded 
t o  maximal subsidences i n  t h e  east (V.  V .  Belousov, 1954-a, 1955). 

The asymmetry o f  geo log ica l  space and t h e  a n t i p o d a l  c h a r a c t e r  o f  o u r  
oceanic  and c o n t i n e n t a l  areas, t h e  P a c i f i c  Ocean and Af r i ca ,  t h e  "Southern 
Ocean" and t h e  no r the rn  b e l t  o f  c o n t i n e n t s ,  can be regarded as t h e  consequence 
o f  unevenness i n  t h e  r a d i a l  movements i n  an t ipoda l  hemispheres--east  and west, 
no r th  and sou th .  Afr i ca ,  a p o s i t i v e  form o f  megare l i e f ,  a r o s e  as a r e s u l t  o f  
a Zag i n  t h e  process  o f  general  s e c u l a r  subsidence o f  t h e  P a c i f i c  and t h e  
African segments o f  t h e  terrestr ia l  e l l i p s o i d .  The "Southem Ocean", a neg- 
a t i v e  form o f  megare l i e f ,  w a s  formed as a r e s u l t  o f  a Zag i n  t h e  process  o f  
general  s e c u l a r  u p l i f t  o f  t h e  no r the rn  and southern zones o f  t h e  f 62nd 
e p e i r o g e n e t i c  p a r a l l e l s .  Phenomena l i k e  t h e  rise o f  a n t i c l i n a l  u p l i f t s  i n  a 
subs id ing  s u r f a c e  as the  r e s u l t  of a l a g  behind t h e  general  l e v e l  o f  subsidence, 
o r  t h e  appearance o f  l a r g e  sadd le s  as a r e s u l t  o f  l a g  behind t h e  general  u p l i f t  
o f  a mountain range (Yu. K .  Yefremov, 1954) ,  are well-known i n  t h e  morphology 
o f  small  forms o f  re l ie f .  

I n  connection with the infZuence o f  the Cirnun-Pacific and C i r c w n -  
African c r i t i c a l  circtes, i n  the ??orthem Hmisphere eas t  of the meridian 
205 - 75O, we f i n d  a predomim" of northeast s t r i k e  i n  f m c t u r e s ,  the 
direct ion o f  r i ve r s ,  folded nznges, and shore l i nes ,  but  a predominance of  
northwest s t r i k e  t o  the west (7f t ha t  meridian. 

To t h i s  c o r r e c t  p i c t u r z  o f  t h e  e a r t h  w e  must add something more--the 
a l l - p l a n e t a r y  e f f e c t  o f  t w i s t i n g ,  which very t ang ib ly  emphasizes t h e  northwest 
o r i e n t a t i o n  o f  l a r g e  elements o f  t he  terrestr ia l  s u r f a c e ;  as i s  well-known, 
t h i s  effect  is h igh ly  c h a r a c t e r i s t i c  o f  o u r  p l a n e t .  

* *  
* 

When t h e  rocks which compose t h e  s u r f a c e  o f  ou r  p l a n e t  were f irst  
depos i t ed  they were more b a s i c  i n  chemical p r o p e r t i e s  than they are today. 
Moreover, i t  is be l i eved  t h a t  t h e  s i a l i c  l a y e r  was e n t i r e l y  lacking.  Sub- 
sequent development l e d  t o  t h e  appearance o f  i n d i v i d u a l  gene ra l i zed  g r a n i t e  
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Hemi sphere 

F i g .  30. 
A, = 15 - 165" i s  t h e  C i r c l e  o f  East-West Symmetry of R e l i e f  and S t r u c t u r e  o f  
the  Ear th ;  A 0  = 105 - 75" i s  the  C i r c l e  of East-West Ant isymmetry of R e l i e f  
and S t r u c t u r e  of the  Ear th ;  00 = 0" i s  the  C i r c l e  o f  Nor th-South Ant isymmetry 
o f  R e l i e f  and S t r u c t u r e  o f  t h e  Ear th ;  and o0 = k71.6 i s  t h e  C i r c l e  o f  A n t i -  
symmetry o f  the  P o l a r  Regions, 
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s p o t s  w i t h i n  t h e  reg ions  inf luenced  by t h e  e p e i r o g e n e t i c  c e n t e r s .  
g radual ly  increased  i n  d iameter ,  i n c r e a s i n g  i n  t h e  downward d i r e c t i o n  through 
the i n f l u x  of  s i a l i c  m a t e r i a l  from t h e  mantle.  Steady growth i n  t h e  s i z e  o f  /110 
t h e  c o n t i n e n t s  i n  d i r e c t i o n s  away from t h e  epe i rogenic  centers may have been 
a s s o c i a t e d  with t h e  exothermic c h a r a c t e r  o f  t h e  process  o f  S i 0  -formation.  

Once begun, t h i s  process  was s e l f - s u s t a i n i n g ,  s i n c e  t h e  h e a t  given o f f  favored 
i t s  development " in  breadth" and f u r t h e r  "melting" o f  t h e  g r a n i t e  s p o t s  i n  
t h e  h o r i z o n t a l  d i r e c t i o n .  

These s p o t s  

- 

2 

In examining t h e  development scheme o f  North America i l l u s t r a t e d  i n  /111 
Figure 31, one can d i s c e r n  a t  f irst  glance a very c h a r a c t e r i s t i c  t r a i t  o f  t h e  
growth o f  t h i s  c o n t i n e n t .  E a c h  more youthfu l  zonal a d d i t i o n  t o  t h e  primary 
a n c i e n t  a r c h i c o n t e n t  surrounds t h e  more a n c i e n t  a d d i t i o n s ,  moving round them /113 
on t h e  s i d e  o f  t h e  sea and profoundly changing t h e i r  o u t l i n e s .  I n  t h i s  
process ,  t h e  c o n c e n t r i c  growth of t h e  cont inent  proceeds asymmetr ical ly ,  
unevenly, a c c e l e r a t i n g  and developing now on one s i d e ,  now on another .  

Fig.  31. 
Act ive C i r c l e s  and Centers Superimposed). Legend: Primary Provinces:  1 - Green 
Rock N u c l e u s ;  2 - Other Provinces;  3 - Province Boundaries; 4 - Primary Arches. 
Secondary Covers: 5 - ProterozDic;  6 - Paleozoic ;  7 - Meso-Cenozoic; 8 - 
Secondary Arches. T h e  Figures  Denote Ages i n  B i  1 1  i o n s  o f  Years. 

The Developmental Scheme of  North America. [After Dzh. V i  1 'son,1949. 
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F i g .  32. Developmental Scheme of Europe. (After  G .  S h m i l l e ,  from S .  Bubnov, 
1934) and Its Tectonic  Breakdown. 

Pra-Europe--Ancient Archean Center of Stabi 1 i z a t ion ;  
Paleo-Europe--Europe's Acquis i t ions Furing t h e  Caledonian Cycle; 
Hksofurope--Europe's Acquis i t ions  During t h e  Variscian Cycle; 
Neo-Europe--Europe's Acquis i t ions During the A l p i n e  Cycle. 
1 - Main L i n e  of A l p s ,  2 - Boundary of Northern and Southern Folding. 
T h e  Eastern C r i t i c a l  C i rc l e  Divides Europe in to  Two Sharply Dif fe ren t  ( A s  

Regards S t r u c t u r e  and Age) P a r t s :  the Northeastern and the Southwestern. The 
Former i s  Subordinate t o  t h e  B a l t i c  S h i e l d  and t h e  Urals ,  The L a t t e r  t o  t h e  
Caucasus, the A l p s  and the Mediterranean Sea. 

Analogous p a t t e r n s  can be t r aced  out  a l s o  f o r  t h e  S ibe r i an  Platform--a 
very anc ien t  massif  of  t h e  A s i a t i c  cont inent1  loca ted  i n  t h e  region o f  i n f l u -  
ence of t h e  epe i rogene t i c  c e n t e r  105O E ,  62O N .  
l o g i c a l  h i s t o r y  o f  S i b e r i a  is l o s t  i n  the  remote times o f  t he  e a r t h ' s  youth.  

The beginning of t h e  geo- 

I 1 Henceforth,  w e  s h a l l  t r e a t  Europe and Asia s e p a r a t e l y ,  s i n c e  they have 
I independent g e n e t i c  c e n t e r s .  



As in the case of North America, there were gradual concentric accretions of 
younger and younger material added to the shores of the ancient Siberian 
nucleus of Asia. During the Paleozoic, for example, the Siberian Platform 
was framed on the northwest by the folded chains of the Sian Mountains; and 
during the Mesozoic it acquired the present northeastern part of Siberia. 
characteristic feature of the younger structures of the Siberian Platform is 
their arc-type dispostion--attachment to the rim of the more ancient and more 
rigid nucleus around which they were formed. 

The 

Y 

Fig. 3 3 .  Developmental Scheme of Siberia and Its Tectonic Breakdown (After 
V .  I .  Dragunov, 1960, with Modifications and Addition of Active Circles). 
1 - Regions of Pre-Riphean STabilization and Their Outlines; Regions of Post- 
Riphean Stabilization; 2.- Eugeosynclinal Zones of Baikal Continent; 3 - Mio- 
geosynclinal Zones of the "Baikal" Continent; 4 - Caledonian Folded Region; 
5 - Hercynian Folded Region, 6 - Mesozoic Folded Region; 7 - Cenozoic Folded 
Region, 8 - Intermountain Areas; 9 - Outlines of Foredeeps, Syneclizes, Ante- 
clizes, and Certain Median Masses; 10 - Contour Lines of the Surface of the 
Foundation of the West Siberian Lowland. 

The Siberian P l a t f o m .  Foredeeps; Pri PriyeniseyskCy> Prb -. Pribaykal I 

skiy, Prv - Priverkhoyanskiy; Kht - Khatangskiy. Syneclises: Tng - 
Tungusskaya (Kureyskaya) ; V 1  - Vi lyuyskaya. Antecl ises: Tr - Turamskaya; 
Anb - Anabarskaya, Ald - Aldanskaya; 01 - Olenekskoye Uplift. 

The Russian Platform. Tm - Timan; Brts - Barentsev Massif; Prr - Pi rural ' 
skiy Foredeep; Otm - Obsko-Tazovskiy Massif. Continued next page ...... 
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Massifs: Okh - Okhotskiy; K l m  - Kolymskiy. 

Depressions: Ks - Kassikaya; KT - Ketskaya. 

The S i b e r i a n  P la t fo rmya long  with t h e  Anabar Massif, which i s  i t s  primary /114 
c e n t e r ,  i s  t h e  most a n c i e n t  dry land o f  t h e  A s i a t i c  con t inen t ;  i t  i s  around 
t h i s  nucleus t h a t  t h e  p r e s e n t  con t inen t  o f  Asia has  been formed i n  succeeding 
s t a g e s  o f  geo log ica l  h i s t o r y .  

Figure 34 i l l u s t r a t e s  t h e  build-up o f  A u s t r a l i a  i n  a s e m i c i r c l e  from 
i t s  western p o r t i o n  toward t h e  east-- toward t h e  young mountain a r c s  s t r e t c h i n g  
from New Guinea t o  New Zealand. The asymmetry i n  t h e  growth of  t h e  con t inen t  
i s  expressed most s t r o n g l y  i n  t h e  f e a t u r e s  o f  r e l i e f .  

F i g .  3 4 .  Developmental Scheme of t h e  
Serpent ini  te Belts of Austral  ;a (Af t e r  
Kh.  K h e s s ,  1955). 

The g loba l  scheme o f  
t h e  development o f  t h e  
con t inen t s  i n  connection 
with a c t i v e  cen te r s  and 
c i r c l e s  o f  deformation o f  
t h e  t e r r e s t r i a l  e l l i p s o i d  
i s  shown i n  Figure 35, 
which shows t h e  anc ien t  
s t a b i l i z a t i o n  n u c l e i  o f  
t h e  platforms wi th in  t h e  
system o f  a c t i v e  meridians 
and p a r a l l e l s .  

Directed v a r i a t i o n s  i n  
t h e  development o f  t h e  
l i t h o s p h e r e  a r e  expressed 
i n  a s t eady  i n c r e a s e  i n  
t h e  s i a l i c  g r a n i t e  s h e l l  
away from t h e  epe i rogene t i c  
a c t i v e  c e n t e r s .  The c o n t i -  
nen t s  have inc reased  no t  
only through t h e  advance o f  
s i a l i c  ma te r i a l  from below, /115 
which thus i n c r e a s e s  t h e  
th i ckness  o f  t h e i r  l i t h o -  
sphere , b u t  mainly through 
growth i n  t h e  h o r i z o n t a l  

d i r e c t i o n  from a c c r e t i o n s  added t o  t h e i r  boundaries.  The mean r a t e  o f  t h i c k -  
ening o f  t h e  con t inen ta l  l i t h o s p h e r e  i s  10  - 40 meters p e r  m i l l i o n  y e a r s ;  b u t  
t h e  h o r i z o n t a l  i n c r e a s e  amounts t o  0 .75  - 20 ki lometers  f o r  t h e  same p e r i o d  
(V.  I .  Popov, 1955). 

O f  t h e  present-day oceans , t h e  Pacif ic  i s  segmental; t h e  A t l a n t i c  and 
Indian are meridional ;  and t h e  A r c t i c  and Circum-Antarctic are zonal.  The 
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Paci f ic ,  t h e  Circum-Antarctic and the  Arctic are t h e  most anc ien t  o f  t h e s e  
waters ; t h e  A t l a n t i c  and Indian a r e  younger, being secondary formations 
s u b s i d i a r y  t o  t h e  Pac i f ic .  

F i g .  35. Global Scheme of Development 
of Platforms (After  V .  V .  Belousov, 1948, 

A s  regards  p o s i t i o n  on t h e  
globe and o r i g i n ,  t h e  modern 
con t inen t s  can be  divided i n t o  
f o u r  groups : nor the rn ,  i nc lud -  
i n g  North America, Asia and 
Europe; e q u a t o r i a l ,  i nc lud ing  
only Af r i ca ;  southern,  includ-  
i n g  South America and Aus t r a l i a ;  
and p o l a r ,  including only 
A n t a r c t i c a .  

A 1  though t h e  primary 
"growth nuc le i "  o f  a l l  t he  
con t inen t s  a r e  e s s e n t i a l l y  
very anc ien t  - -Early Archean, 
o r  p o s s i b l y  even Pre-Archean', 
so  t h a t  t h e i r  age amounts t o  
more than 3 b i l l i o n  years--  
t h e  age of t h e  con t inen t s  
themselves,  j u s t  l i k e  t h a t  o f  
t h e  oceanic  t roughs,  i s  q u i t e  
v a r i a b l e .  

w i t h  Modif icat ions,  Active Meridians,  Para- 
le1 1s and Centers Superimposed) : 
1 - Ancient Stabi 1 i z a t i o n  Centers ;  
2 - Caldeonian Platforms;  3 - Growth of 
Platforms by t h e  Hercynian Cycle; 4 - 
Growth of Platforms by t h e  A l p i n e  Cycle; 
5 - A l p i n e  Geosynclines. 

Af r i ca  is  ev iden t ly  t h e  
most anc ien t  of  t h e  c o n t i n e n t s .  
I t  i s  t h e r e  t h a t  we f i n d  t h e  
e a r t h ' s  o l d e s t  rocks,  whose 
age,  based on prel iminary 
e s t i m a t e s ,  i s  no t  l e s s  than 
4 b i l l i o n  years  (See Appendix 
111) .  In  t h e  case o f  t h e  
no r the rn  c o n t i n e n t s ,  t h e  

g r e a t e s t  age has been determined f o r  b i o t i t e  discovered i n  1958 wi th in  magma- 
t i t e s  on t h e  Kola Peninsula .  

Throughout t h e  course o f  geological  h i s t o r y  t h e  a n c i e n t  con t inen ta l  
n u c l e i  have funct ioned as a c t i v e  cen te r s  o f  t he  most i n t e n s i v e  i n t r u s i v e  
a c t i v i t y .  They have been s i tes  f o r  t h e  withdrawal o f  ma te r i a l  from s u b c r u s t a l  
and deeper l a y e r s  o f  t h e  mantle--in c o n t r a d i s t i n c t i o n  t o  t h e  tha l a s sogen ic  and 
oceanic  r eg ions ,  which have served as enormous r e s e r v o i r s  f o r  s e c u l a r  

P .  S. Voronov and A.  Y a .  Krylov (1961) g ive  a f i g u r e  o f  1.84 b i l l i o n  yea r s  
f o r  t h e  age o f  t he  most anc ien t  o f  known rocks i n  An ta rc t i ca .  But t h i s  does 
no t  exclude t h e  p o s s i b i l i t y  of t he  discovery o f  c r y s t a l l i n e  rocks o f  s t i l l  
g r e a t e r  age i n  t h e  A n t a r c t i c .  

-~ 
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accumulation and subsidence o f  t he  mantle.  

With t h e  epe i rogene t i c  cen te r s  o f  t h e  Northern.Hemisphere a r e  gene t i -  
c a l l y  a s s o c i a t e d  t h e  systems o f  r a d i a l  and concen t r i c  f ra 'ktures  which d e t e r -  
mine t h e  o u t l i n e s  o f  c e r t a i n  r i v e r  and l ake  systems. The d i r e c t i o n s  o f  some 
s e c t i o n s  o f  t h e  shore  l i n e s  i n  t h e  no r the rn  p a r t s  o f  Asia and America (Figure 
36) are a l s o  a s soc ia t ed  with those  systems. The 

F i g .  3 6 .  Epei rogenet ic  Centers of  t h e  
Northern Hemisphere and Tectonic  and 
Geochemical Phenomena Associated With 
Them (Compiled by Ya. Ya. Gakkel ' ) .  
T h e  Sketch Shows t h e  Basic Lines of 
F rac tu res ,  t h e  Lines of Even U p l i f t s  
of  t h e  B a l t i c  S h i e l d ,  and the  Geochemical 
Belts of A .  Ye. Fersman and A .  P .  Karpinskiy 
(Shown i n  Shading) .  
( T h e  Sketch i s  Drawn Without Allowance f o r  
D i s to r t ion  Introduced by t h e  Cartographic  
P r o j e c t i o n ) .  

concen t r i c  f r a c t u r e s  a r e  
a l s o  r e spons ib l e  f o r  t h e  
geochemical b e l t s  o f  
mine ra l i za t ion  which sur -  
round t h e  anc ien t  s t a b i l i -  
za t ion  n u c l e i  o f  t h e  
nor thern  con t inen t s .  

Being very  a n c i e n t ,  
the pr imary con t inen ta l  
n u c l e i ,  from t h e  , t i m e  o f  
t h e  Pro terozoic ,  have 
always heen comparatively 
e l eva ted  lands no t  s u b j e c t  
t o  i n t r u s i o n s  o f  t h e  s e a .  
Ya. Ya. Gakkelr (1957), i n  
t r a c i n g  through and analyz-  
i n g  t h e  developmental 
p a t t e r n s  o f  t h e  nor thern  
epe i rogene t i c  cen te r s  and 
t h e  geologica1,geochemical 
and geomagnetic phenomena 
a s s o c i a t e d  wi th  them, con- 
c ludes t h a t  during t h e  
Archean and Mesozoic these  
cen te r s  occupied t h e  same 
symmetrical p o s i t i o n  wi th  
r e spec t  t o  t h e  North 
Geographic Pole which they  
do a t  t h e  p re sen t  t i m e .  I t  
fol lows from t h i s  t h a t  /117 
" the re  have never  been any 
very p e r c e p t i b l e  s h i f t s  of  
t h e  e a r t h ' s  a x i s  o f  r o t a t i o n  
. . .  s i n c e  t h e  t i m e  o f  t h e  
Archean" (p.  125) .  N .  S .  
Sha tsk iy ,  somewhat e a r l i e r ,  
expressed a s i m i l a r  p o i n t  
o f  view (1955).  

V .  I .  Dragunov, i n  
1957 - 1960, s t u d i e d  t h e  t e c t o n i c  d i s l o c a t i o n s  o f  t he  A s i a t i c  po r t ions  o f  t h e  
USSR i n  t h e  zone o f  t h e  epe i rogene t i c  p a r a l l e l  o f  62' N ,  and was a b l e  t o  
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demonstrate t h a t  h e r e ,  beginning with Pre-Riphean t i m e ,  t h e r e  were q u i t e  
s i g n i f i c a n t  t ransformations o f  t h e  geo log ica l  s t r u c t u r e s  (See Figure 3 3 ) .  /118 
This circumstance,  t o g e t h e s  with c e r t a i n  a d d i t i o n a l  f e a t u r e s  observed i n  t h e  
s t r u c t u r a l  p l a n  o f  t h e  European p o r t i o n  o f  t h e  USSR, Scandanavia and North 
America i n  t h e  zone o f  62' N ,  served as confirmation of  t h e  ideas  o f  Shatskiy 
and Gakkel ' .  The r e s u l t s  o f  t h e s e  p a l e o c l i m a t i c  r e c o n s t r u c t i o n s ,  used as 
demonstrations o f  t h e  s h i f t i n g  o f  t h e  geographic p o l e s ,  may be  a s s o c i a t e d  
with t h e  i n c l i n a t i o n  o f  the e a r t h ' s  a x i s  t o  t h e  e c l i p t i c ,  and a l s o ,  i n  some 
degree,  with a zonal s h i f t i n g  o f  t h e  con t inen t s  and o f  t h e i r  i n d i v i d u a l  p a r t s ,  
s u b j e c t  t o  t h e  law o f  t h e  gene ra l  z o n a l i t y  o f  t h e  s t r u c t u r e  o f  t h e  e a r t h ' s  
c r u s t  (V. I .  Dragunov, 1960).  Here w e  must assume t h a t  between t h e  p o s i t i o n s  
o f  t h e  geographic and t h e  magnetic po le s  t h e r e  was simply no connection a t  
a l l  (P .  S .  Voronov, 1960 a ) ,  o r  t h a t  such a connection was very complex and 
no t  immediately e v i d e n t .  

P .  S .  Voronov (1960 a ) ,  having e s t a b l i s h e d  t h e  Meso-Cenozoic age o f  
t h e  meridional f r a c t u r e s  o f  t h e  A r c t i c  and A n t a r c t i c  which were generated by 
t h e  e p e i r o g e n e t i c  c e n t e r s  o f  t he  North and South Poles ,  and thereby o f f e r i n g  
a convincing demonstration o f  t h e  constancy o f  t h e  e a r t h ' s  a x i s  o f  r o t a t i o n  
during t h e  p a s t  200 m i l l i o n  y e a r s ,  c a t e g o r i c a l l y  denied t h e  p o s s i b i l i t y  
t h a t  t h e  po le s  could have dev ia t ed  by any g r e a t  amount from t h e i r  p r e s e n t  
p o s i t i o n .  

E .  Dzh. Epik (1957) considers  i t  an e s t a b l i s h e d  fact  t h a t  t h e  r e l a t i v e  
p o s i t i o n s  o f  t h e  po le s  and con t inen t s  have not b a s i c a l l y  changed du r ing  t h e  
p a s t  100 m i l l i o n  y e a r s .  Epik b e l i e v e s ,  i n  f a c t ,  t h a t  w e  can assume t h e  
r e l a t i v e  constancy o f  t h c  po le s  and con t inen t s  back t o  t h e  Cambrian (500 
mi l l i on  yea r s )  as a r e l i a b l e  working hypo thes i s .  A d i f f e r e n t  hypothesis  
would e n t a i l  s e r i o u s  d i f f i c u l t i e s  i n  exp la in ing  g l a c i a l  epochs more a n c i e n t  
than t h e  Permian-Carboniferous . 

On t h e  b a s i s  o f  a conclusion reached from studying t h e  b i o l o g i c a l  
p r o d u c t i v i t y  o f  t h e  e q u a t o r i a l  zone of  t h e  ocean, t h e  equator  has  remained 
i n  a s i n g l e  p o s i t i o n  f o r  500 m i l l i o n  y e a r s :  according t o  t h i s ,  t h e  a x i s  of  
r o t a t i o n  must have remained f i x e d  f o r  t h e  whole of t h e  Paleo-Meso-Cenozoic. 
This conclusion was p resen ted  a t  t h e  F i r s t  I n t e r n a t i o n a l  Oceanographic 
Congress, h e l d  i n  New York i n  1959. 

On t h e  o t h e r  hand, t h e  r e s u l t s  o f  paleomagnetic s t u d i e s  have l e d  t o  

However, t h e  d a t a  obtained f o r  t h e  pa ths  
t h e  conclusion t h a t  during t h e  Paleozoic  both the  geographic and t h e  magnetic 
po le s  were i n  t h e  e q u a t o r i a l  zone. 
supposedly followed by t h e  po le s  i n  the  va r ious  con t inen t s  a r e  very con t r a -  
d i c t o r y  (P. N .  Kropotkin, 1960),  and t h e  n e c e s s i t y  o f  r e so lv ing  t h e  con t r a -  
d i c t i o n s  has l e d  c e r t a i n  g e o l o g i s t s  t o  r e s t o r e  t h e  m o b i l i s t i c  concepts of  
A .  Wegener, though t h e  aphysical  and a n t i s t r u c t u r a l  c h a r a c t e r  o f  t h e  l a t t e r  
has long been demonstrated by a number o f  writers. 
magnetic d a t a ,  w e  have f a i l e d  e s s e n t i a l l y  t o  t a k e  i n t o  account t h e  e f f e c t s  
o f  d i f f e r e n t i a l  zonal s h i f t ,  and o f  t h e  t w i s t i n g  o f  e n t i r e  con t inen t s - -  
phenomena which have been e s t a b l i s h e d  both on t h e  b a s i s  o f  empi r i ca l  d a t a  
(Li ,  Sy-Guan, 1939, 1955; P .  S .  Voronov, 1959 c) and t h e o r e t i c a l  
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cons ide ra t ions .  An important  consequence o f  t h e s e  p l a n e t a r y  e f f e c t s  i s  found 
i n  t h e  S-shaped t w i s t i n g  of t h e  paleogeographic  and paleomagnetic meridians.  
mis t w i s t i n g  would grow i n  t h e  course o f  t ime, p o s s i b l y  g iv ing  t h e  apparent 
e f f e c t  o f  a s h i f t i n g  o f  t h e  paleomagnetic po le s  : gene ra l ly  speaking,  t h i s  
effect  wculd b e  more prominent t h e  o l d e r  t h e  rock sample taken .  

The se r iousness  o f  t h e  ob jec t ions  r a i s e d  a g a i n s t  t h e  s t a b i l i t y  o f  t h e  
geographic poles  by paleogeographers who have e s t a b l i s h e d  t h e  d i s p a r i t y  
between t h e  anc ien t  c l i m a t i c  zones and t h e  modern ones ( f o r  i n s t ance ,  t h e  hot  
c l imate  which present -day  p o l a r  lands dur ing  t h e  Cretaceous and t h e  Paleogene), 
has  been cons iderably  mi t iga t ed  by t h e  work o f  P .  P .  Predtechenskiy (1948), 
who s t u d i e d  t h i s  phenomenon i n  connection with v a r i a t i o n s  i n  s o l a r  a c t i v i t y .  
S t i l l ,  on t h e  b a s i s  o f  t h e  s t u d i e s  made by a g r e a t  many i n v e s t i g a t o r s ,  begin-  
n ing  with P .  Reibisch (1901, 1905) and H. Simroth (1907) and ending with 
N .  M. Strakhov (1960), one must conclude t h a t  some degree,  o f  r e l a t i v e  d i s -  
plaement o f  t h e  equator  must have taken p l a c e .  Here t h e  c h a r a c t e r i s t i c  f a c t  
i s  t h a t  t h e  p o i n t s  o f  i n t e r s e c t i o n  between t h e  supposed anc ien t  equators  and 
t h e  modern one l i e  where t h e  minor e q u a t o r i a l  a x i s  cu t s  through onto t h e  
t e r r e s t r i a l  s u r f a c e  ( @ = O", X = 105 - 7 5 O ) .  

This cur ious  fact  can be  t r e a t e d  a s  t h e  r e s u l t  of  wobbling of  t h e  
a symmet r i ca l - t r i ax ia l  t e r r e s t r i a l  e l l i p s o i d  around t h e  minor e q u a t o r i a l  a x i s .  
In  such a case ,  t h e  i n d i c a t e d  c e n t e r s  would acqu i re  t h e  r o l e  o f  s p e c i a l  
'lpoles o f  wobbling", while  t h e  meridian c i r c l e  o f  t h e  major e q u a t o r i a l  a x i s ,  
15 - 165", might be c a l l e d  t h e  "circle o f  wobbling." The cause of t h e  pheno- 
menon ev iden t ly  c o n s i s t s  i n  a s h i f t  o f  t h e  p o s i t i o n  o f  t h e  body of  t h e  p l a n e t  
with respect t o  the ax is  o f  rotat ion,  r e s u l t i n g  from asymmetrical r e d i s t r i -  
bu t ion  o f  i t s  masses dur ing  the  formation o f  t h e  con t inen ta l  and oceanic  
hemispheres o f  t h e  e a r t h .  From what has been s a i d ,  it fol lows t h a t  t h e  hemis- 
pheres  r e f e r r e d  t o  are t h e  northeastern, with po le  i n  Europe (45' N,  15" E ) ,  
and t h e  southwestern,  with po le  i n  t h e  Circum-Antarctic and P a c i f i c  Oceans, 
e a s t  o f  N e w  Zealand (45" S ,  165" W ) .  

/120 

Mountainous f e a t u r e s  on t h e  f ace  o f  our  p l a n e t  a r e  s i g n i f i c a n t l y  more 
l o c a l  i n  c h a r a c t e r  than  con t inen t s  and oceans.  The f o l d s  and breaks occur- 

t i v e l y  small s c a l e .  They are, t h e r e f o r e ,  much more a c c e s s i b l e  t o  a n a l y s i s ,  
both i n  space and time, and have i n  fact  been b e t t e r  s t u d i e d ,  than t h e  
incomparably more ex tens ive  and s lower processes  accompanying t h e  formation 
o f  oceans and con t inen t s .  

r i n g  i n  t h e  l i t hosphe re  i n  connection with orogenesis  e x i s t  on a compara- / 1 2 1  

I n  comparing t h e  var ious  con t inen t s  one can e s t a b l i s h  a number o f  
remarkable developmental p a t t e r n s  (Table 7 ) .  The graphic  express ion  o f  t h e s e  
p a t t e r n s  (Figures  37 and 38) leads  immediately t o  t h e  fo l lowing  r e l a t i o n s h i p :  
the smaZZer the spec i f i c  gravity of a con-t;inent, the th icker  it i s ,  the higher 
i t  i s ,  the  Zarger i s  i t s  area, and the more compZex are i t s  mountain systems. 
Such is  t h e  b a s i c  law o f  development o f  t h e  major forms o f  t e r r e s t r i a l  re l ief .  
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le 

F i g .  37 .  Rela t ionship  B e t w e e n  t h e  Thickness and t h e  H e i g h t  o f  P 
St ruc tu res  of t h e  E a r t h ' s  Crus t ,  On t h e  O n e  Hand, and Their  Dens 
Other .  H - Thickness;  h - Mean H e i g h t  (Depth) ;  h m  - Maximal He 

ane tary  
t y ,  O n  t h e  
g h t  ( D e p t h ) .  

A p a r t i a l  except ion t o  t h i s  genera l  r u l e  is  found i n  t h e  case o f  t h e  
e a r t h ' s  h ighes t  cont inent -Antarc t ica .  The a r e a  o f  t h i s  cont inent  (not  count- / 1 2 3  
i n g  t h e  g l a c i e r s  of the  con t inen ta l  s h e i f )  i s  13 .1  mi l l i on  square k i lometers ;  
i t s  mean a l t i t u d e  is  2,550 - 2,600 meters ;  i t s  h ighes t  p o i n t  ( i n  t h e  Queen 
Maud Range) i s  5,180 meters above s e a  l e v e l ;  and t h e  th ickness  of  i t s  l i t h o -  
sphere i s  40 k i lometers .  
expla ined  by t h e  t h i c k  con t inen ta l  g l a c i a t i o n  o f  t h e  con t inen t .  

The anomalously high mean a l t i t u d e  o f  An ta rc t i ca  i s  

The d a t a  of  h i s t o r i c a l  geology demonstrate convincingly t h a t  during 
the earZy stages of deveZopment, the surface of the earth was characterized 
by the presence of shaZZow seas and ZOW eZevations of dry Zand, including ZOW 
aZtitude of mountains. 
foundation of the continents,  both in the ver t ica l  and i n  the horizontal 
direct ions,  t o  sinking of the Mohorovicic discont inui ty ,  t o  increase i n  dry- 
land area, t o  reduction i n  the dismemberment of the continents,  t o  reduction 
i n  the area of the oceanic type of Zithosphere, t o  deepening and increased 

Subsequent deveZopment Zed t o  ineyeuse i n  the g m n i t i c  
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F i g .  38. 
Cont inents ,  On t h e  One Hand, and Their  S p e c i f i c  Gravi ty ,  On the Other.  
Relat ionship B e t w e e n  Area and t h e  H e i g h t  ( D e p t h )  of  Major Forms o f  T e r r e s t r i a l  
Re1 i e f .  

Relat ionship B e t w e e n  t h e  Area o f  t h e  Ocean Floor and O f  T h e  
T h e  

volume of the oeeans, and, f i n a l l y ,  t o  a general increase i n  the contrast  of 
r e l i e f .  
hypsographic curve o f  t h e  e a r t h ,  i n  support  o f  t h i s  b a s i c  conclusion.  

In Figure 39 i s  shown t h e  hypo the t i ca l  course o f  change i n  the  

One i n t e r e s t i n g  f e a t u r e  o f  t h e  h i s t o r i c a l  development o f  t h e  e a r t h  i s  
t h a t  t h e  process  o f  f i l l i n g  t h e  oceanic  troughs with water ,  i n  general  pro-  
ceeded p a r a l l e l  with t h e  process  o f  formation o f  t hose  oceans,  being marked 
by only a few dev ia t ions  i n  one d i r e c t i o n  o r  t h e  o the r - - the  two prvcesses  
were occas iona l ly  ou t  o f  balance.  This means t h a t  t h e  volume o f  s u r f a c e  
waters during t h e  h i s t o r y  o f  t h e  e a r t h ,  with some i r r e g u l a r i t i e s ,  has on t h e  
whole continued t o  i n c r e a s e .  This balance i n  t h e  i n c r e a s e  o f  s u r f a c e  waters 
and i n  t h e  capac i ty  of  t h e  oceanic  troughs becomes understandable  when w e  
cons ide r  t h a t  the only motive f o r c e  o f  t e c t o n i c  development i s  gravi ty ,  which, 
on t h e  one hand, leads t o  uneven g r a v i t a t i o n a l  compression o f  t h e  e a r t h ,  and, 
on t h e  o t h e r ,  t o  d i f f e r e n t i a t i o n  o f  t h e  ma te r i a l  o f  t h e  p l a n e t .  

In  summary, t hen ,  we can say  t h a t ,  f o r  t h e  s u r f a c e  f e a t u r e s  o f  t h e  
e a r t h ,  t h e  fol lowing two p lans  o f  o r i g i n  are prominent: 1)  zonal,  asymmetri- 
cal  with r e s p e c t  t o  t h e  e q u a t o r i a l  plane;  and 2 )  a second p l a n  which i s  
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TABLE 7. S t r u c t u r a l  C h a r a c t e r i s t i c s  o f  the Major Forms o f  T e r r e s t r i a l  Re1 i e f  

(See nex t  page f o r  footnotes)  
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Footnotes t o  Tab le  7: 

Accord ing  t o  s t u d i e s  made i n  I n d i a  d u r i n g  the  f i f t i e s  (A t  
Hermann Haack, Gotha, 1960). The e a r l i e r  va lue  f o r  t h e  a l t  
8,882 meters,  which s t i l l  appears i n  tex tbooks  and t h e  popu 
must be cons idered o b s o l e t e .  

as D i e  Erde,VEB 
tude o f  Everes t  , 
a r  1 i t e r a t u r e ,  

T h i s  i s  t h e  g r e a t e s t  known depth  o f  the  P a c i f i c  Ocean, reached by ba thy-  

From the  i s l a n d s  o f  Japan t o  Cal i f o r n i a .  

sphere on 23 January 1960. 

b 10 10 30 4 0  6'3 60 76 80 lb3 IWZ 
I I 

d r y  l and  

mean ocean depth 

H ighes t  land  

Medium h i g h  l and  
3.791 

MODERN EPOCH s i a l  
max. ocean depth 

mean depths o f  Mohorov ic ic  
d i scon t i nu i t y  PALEO-MESO-CENOZOIC 

I 

R I  PHEAN 
( P r o t e r o z o i c  I I )  

PROTEROZO I C 
( P r o t e r o z o i c  I )  

A R C H E AN 

CATARCH EAN 

F i g .  39. Suggested Scheme o f  V a r i a t i o n s  i n  Dry-Land A l t i t u d e s ,  Ocean Depths, 
t he  Hypsographic Curve, and t h e  Depth o f  t h e  Mohorov ic ic  D i s c o n t i n u i t y  Dur ing  
Geol og i ca 1 H i  s t o r y .  
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p r e s e n t  i n  two aspects--a)  asymmetrical with r e s p e c t  t o  t h e  p l ane  o f  t h e  
meredian 15 - 16S0, and b)  segmental-submeridional-meridional , and asym- 
me t r i ca l  with r e s p e c t  t o  the  p l ane  of t h e  meridian 105 - 75'. 
t h e  superimposi t ion and i n t e r a c t i o n  of t h e s e  two p lanes ,  t h e  e x i s t i n g  form 
o f  t h e  e a r t h ' s  s u r f a c e  has taken shape. 

As a r e s u l t  o f  /125 

The fact  t h a t  t h e  o v e r a l l  g loba l  morphological p l an  o f  t h e  e a r t h  has  
been preserved from t h e  most anc ien t  t imes up t o  our  own e r a  i s  explained by 
t h e  circumstance t h a t  t h e  major forms of r e l i e f  which a r e  denuded a r e  con- 
s t a n t l y  renewed by r epea ted ,  and compensatory, movements o f  t h e  l i t h o s p h e r e  
(Figure 40).  
t he  atmosphere-hydrosphere, and o f  abyssal  processes  t ak ing  p l a c e  within t h e  
mantle and core o f  t h e  e a r t h .  

These movements are t h e  d e r i v a t i v e s  o f  s t i l l  o t h e r  movements i n  

On t h e  b a s i s  of a v a i l a b l e  d a t a  on t h e  mean r a t e  of denudation f o r  t h e  
e n t i r e  e a r t h  ( D .  G i l l u l i ,  1955), one can assume t h a t  t h e  mean r a t e  o f  such 
p l a n e t a r y  tu rnove r  of  ma te r i a l  (during t h e  modern epoch) amounts t o  
meter a y e a r ,  o r  10 cent imeters  a century.  

1 m i l l i -  

Regulated by t h e  i n t e n s i t y  of denudation, t h i s  c i r c u l a t i o n  o f  mater ia l  
depends s u b s t a n t i a l l y  upon t h e  a c t i o n  of r i v e r s ,  winds and g l a c i e r s ,  being 
r e t a rded  o r  a c c e l e r a t e d  depending upon t h e i r  degree of  e ros ion .  

The s e c u l a r  turnover  o f  abyssa l  and s u r f a c e  substance may be o f  g r e a t  
s i g n i f i c a n c e  i n  achieving the  sys t ema t i c  loading of t h e  t e r r e s t r i a l  depths 
with s o l a r  energy with t h e  h e l p  of  "geochemical accumulators"--oxides o f  
aluminum, k a o l i n i t e ,  c o a l ,  and o t h e r  mineral  formations.  As N .  V .  Belov 
(1952) and V.  I .  Lebedev (1954) have po in ted  o u t ,  t hese  minerals ,  formed on 
the  s u r f a c e  o f  t he  e a r t h  under condi t ions of weathering, absorb and accumulate 
s o l a r  energy. When they s i n k  i n t o  t h e  depths of t h e  e a r t h ,  t h e  c r y s t a l  
l a t t i c e  o f  t h e s e  minerals  i s  r econs t ruc t ed ,  and t h e  energy they contain i s  
l i b e r a t e d .  
system o f  s e c u l a r  c i r c u l a t i o n  of  t e r r e s t r i a l  material , a r e  f irst  charged 
with s o l a r  energy on t h e  s u r f a c e  branch o f  t u rnove r ,  then t r a n s f e r  t h a t  
energy t o  g r e a t  depths ( t o  t h e  s u b c r u s t a l  p o r t i o n  o f  t h e  tu rnove r ) ,  where 
they are discharged. 

The geochemical accumulators which a r e  introduced i n t o  t h e  closed 

Thus, s o l a r  energy is  t h e  energy of exogenic p rocesses ;  i t  i s  expended 
i n  t h e  weathering and t h e  formation o f  sys t ema t i c  rocks ,  and it is s y s t e -  
m a t i c a l l y  t r a n s f e r r e d  i n t o  t h e  depths of t h e  e a r t h ,  where, supplementing t h e  
energy o f  g r a v i t a t i o n a l  compression, i t  e n t e r s  i n t o  magmatic, t e c t o n i c ,  and 
planetary-morphological p rocesses .  I t  i s  important t o  observe,  as follows /127 
from t h e  work o f  P .  P .  Predtechenskiy (1948), M .  S .  Eygenson (1954) and 
D .  G .  Panov (1955 a ) ,  t h a t  t h e  climatic and geomorphological condi t ions o f  
weathering--and hence a l s o  t h e  ra te  o f  accumulation o f  s o l a r  energy by the  
geochemical accumulators--vary depending upon t h e  gene ra l  o s c i l l a t i o n s  i n  t h e  
i n t e n s i t y  of atmospheric-hydrospheric c i r c u l a t i o n  on t h e  e a r t h  which r e s u l t  
from v a r i a t i o n s  i n  s o l a r  a c t i v i t y .  
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F i g .  40. 
Mant le ,  L i t hosphere  and Atmosphere-Hydrosphere o f  t he  Ear th :  
Minimal V i s c o s i t y  and Abyssal D i f f e r e n t i a t i o n  o f  t he  Substance o f  the  Mant le ;  
1 a - Segment and B e l t s  o f  Increased Pressure W i t h i n  the  Mant le  (Regions o f  
Re ta rda t i on  o f  D i f f e r e n t i a t i o n  Process; 1-b - Segment and B e l t s  o f  Reduced 
Pressure W i t h i n  the  Mant le  (Regions o f  A c c e l e r a t i o n  o f  D i f f e r e n t i a t i o n  

Scheme o f  t h e  General Secular  Turnover  o f  M a t e r i a l  A f f e c t i n g  the  
1 - Zone o f  

Cont inued on nex t  page.. . 
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'Key t o  Figure 40 Concluded: 

P rocess ) ;  2 - Destruct ion and S u b s i d e n c e ;  3 - Abyssal Counterflow and 
s t a t i c  U p l i f t ;  4 - Regions of Development of Shearing S t r e s s e s ,  Abyssa 
F rac tu res ,  Over th rus t s ,  and Associated Earthquakes,  Volcanic Phenomena 
Foredeeps . 

so- 

and 

Thereby t h e  t e c t o n i c  development o f  t h e  e a r t h ,  through. a p l a n e t a r y  
s e c u l a r  exchange o f  abyssal  and s u r f a c e  material ,  g loba l  cyc le s  o f  sedimenta- 
t i o n  and so la r - cond i t ioned  changes i n  t h e  i n t e n s i t y  o f  atmospheric-hydro- 
s p h e r i c  c i r c u l a t i o n ,  i s  c l o s e l y  t i e d - i n  with s o l a r  a c t i v i t y  and with i t s  
p e r i o d i c  v a r i a t i o n s .  

Crea t ion ,  d e s t r u c t i o n  and r e - c r e a t i o n  (but always i n  connection with 
t h e  bui ld-up of  i r r e v e r s i b l e  changes, so t h a t  t h e  process  i s  never  q u a l i -  
t a t i v e l y  o r  q u a n t i t a t i v e l y  t h e  same)--such is  t h e  cyc le  ( s p i x a l  would be a 
b e t t e r  term) o f  t h e  t e c t o n i c  development o f  ou r  p l a n e t .  The s p r i n g  which 
a c t i v a t e s  t h i s  cyc le  i s  t h e  i n t e r n a l l y  con t r ad ic to ry  process  o f  g r a v i t a t i o n ,  
which involves  t h e  i n t e r a c t i o n  o f  both a t t r a c t i v e  and r epu l s ive  f o r c e s .  
A t t r a c t i o n  i s  accompanied by t h e  a c c e l e r a t i o n  o f  a x i a l  r o t a t i o n ;  r epu l s ion  
by t h e  d e c e l e r a t i o n  o f  t h a t  r o t a t i o n .  Since compression o f  t h e  e a r t h  p re -  
dominates over  i t s  expansion, while  i r r e v e r s i b l e  changes predominate over  
r e v e r s i b l e  ones,  t h e  o v e r a l l  process  o f  geo log ica l  development i s  n o t  only 
c y c l i c a l  b u t  d i r e c t i o n a l .  

Thus, the sciences of tectonics  and earth moqhoZogy must f i r s t  of 
a22 concern themselves with gravi tat ion and the miaZ rotat ion of our pZanet; 
they cannot be approached without considering the earth 's  t i e s  i n  space, 
f i r s t  of a12 with the moon and the sun. 

* *  
* 

The time i s  no t  very far  d i s t a n t  when a s t r o n a u t i c a l  exped i t ions  from /128  
t h e  e a r t h  w i l l  be extended t o  t h e  s u r f a c e  of  t h e  moon, Mars and Venus, where 
d e t a i l e d  p l a n e t o l o g i c a l  i n v e s t i g a t i o n s  w i l l  be made. I n  t h e s e  new worlds,  
which s t i l l  a r e  l a r g e l y  mysterious t o  us,  w e  s h a l l  probably d i scove r  new 
minerals and o rgan ic  compounds formed under cond i t ions  d i f f e r e n t  from those  
on e a r t h .  But a t  l e a s t  we know t h a t  t h e  chemical elements found t h e r e  a r e  
j u s t  t h e  same as w e  have he re  a t  home. And w i l l  t h e s e  p l a n e t s  t u r n  ou t  t o  
be similar t o  e a r t h  i n  o t h e r  r e s p e c t s  as wel l?  Probably they w i l l .  We 
should expect t h a t  t h e  zonal d i s t r i b u t i o n  o f  oceanic  subsidences and mountain 
b e l t s  on these  p l a n e t s ,  p a r t i c u l a r l y  Venus (whose s u r f a c e  i s  cons t an t ly  
hidden by a cloud cove r ) ,  w i l l  be b a s i c a l l y  much t h e  same as t h a t  o f  t h e  
e a r t h  and Mars (which, o f  course,  we can s e e ) .  In  o t h e r  words, t h e  mountain 
b e l t s  o f  Venus, l i k e  our own, should be  disposed i n  t h e  zones o f  t h e  p a r a l -  
l e l s  35O N and 35' S ,  and t h e  Southern Hemisphere o f  t h a t  p l a n e t  should be 
more oceanic  i n  c h a r a c t e r  than t h e  Northern Hemisphere. 

99 
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The enormous p rognos t i c  value of  t h e  .discovery o f  t h e  c r i t i c a l  para-  
l l e l s  and meridians--apparent ly  made i n  t h e  i n t e r e s t  of pure sc ience- -serves  
as t h e  very b e s t  r e p l y  t o  the  ques t ion  one could h e a r  u n t i l  very r ecen t ly - -  
What i s  t h e  use of  any s o r t  of t h e o r e t i c a l  i n v e s t i g a t i o n  which i s  without  
an immediate u t i l i t a r i a n  purpose? 
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APPENDIX I 

THE EARTH: ITS MASS, DIMENSIONS AND OTHER RELATED QUANTITIES 

U n i t  o f  Symbo 1 Numer i ca 1 Sources; Remarks’ 
Measurement Va 1 ue 

Quant i  t y  

Mass P ropor t i on  o f  
the mass o f  
the  sun M 5.9763*1027 I .D.  Zhongolovich, 1952 

Major O r b i t a l  A s t r .  U n i t  1 /33 1950 
semi -ax i  s i n  km “orb 149,457,000 1961 data o f  Soviet  radar 

1.000000 
Distance from sun 
a t  p e r i h e l  i on  a.u. 0.983298 f o r  1962 

de t e  r m i  na t ions 

r71 

Distance from sun 
a t  aphel ion a.u. 

Moment o f  p e r i -  
h e l i o n  passage 

r 1.016744 f o r  1962 
c1 

TiT Jan.2, 
4hr52m f o r  1962 USSR Astron.Yearbook 

Moment o f  aph- f o r  1962 
Ju l  4 
5h 05m for 1962 

c1 
h e l i o n  passage T 

6 S i d e r i a l  r o t a t i o n  

’orb p e r i o d  around sun sec 

Mean r o t a t i o n a l  

‘orb v e l o c i t y  km/sec 

rad ius  km a 6,378.245 A .  A .  I zo tov ,  1950 

31 .558.10 

29.8 

Mean equa to r ia l  - 
6,378.077 I .  D .  Zhongolovich, 1956 

The source does no t  i n d i c a t e  whether the  value given i s  genera l l y  accepted o r  has merely 
been ca l cu la ted  by the  author.  

I 
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.Quanti t y  U n i t  o f  Numer i ca 1 
Measurement Value Sources; Remarks 

Mean po1,ar 
comp r e s  S i on 

. .  

D i f f e r e n c e  i n  
e q u a t o r i a l  and 
p o l a r  semi -axes 

Compression o f  
mer id ian  o f  major 
e q u a t o r i a l  a x i s  

Compress i o n  o f  
mer id ian  o f  minor 
e q u a t o r i a l  a x i s  

Equator i a 1 
comp res s i on 

D i f f e r e n c e  i n  
e q u a t o r i a l  semi- 
axes 

Mer id ian  o f  l o n g i -  
tudz o f  minor 
equator i  a1 semi - a x i s  

Mer id ian  o f  l o n g i -  
tude o f  minor 
e q u a t o r i a l  a x i s  

a 

km a - e  

a a 

' b  

E 

m a - b  

' a  

' b  

1 ~ 9 8 . 3  
11296.6 

1/298.2 

21.382 
21.500 

1 /295.2 

1 j298.0 

1/30 000 
1/32 000 

213 
199 

15" E - 
6 "  W 

75" w; 
105" E - 

84" E - 
96" w 

A.  A .  I z o t o v ,  1950 
I .  D. Zhongolovich, 1952 

D .  G .  King-Hele, R. Merson, 1959. 
On observa t ions  on the movements 
o f  a r t i f i c i a l  e a r t h  s a t e l l i t e s .  

A. A. I z o t o v ,  1950 
I .D .  Zhongolovich,  1956 

I .  D .  Zhongo 

I .  D. Zhongo 

o v i c h ,  1952 

ov ich ,  1952 

A.  A. I z o t o v ,  1950 
I .  D .  Zhongolovich,  1952 

A .  A .  I z o t o v ,  1950 
I .  D.  Zhongolovich, 1952 

A.  A .  I z o t o v ,  1950 
I .  D .  Zhongolovich, 1952 

A .  A. I z o t o v ,  1950 

I .  D. Zhongolovich,  1952 



Appendix I (Cont’d) 

Quan t i t y  U n i t  o f  Numerical 

D i f f e rence  i n  I .  D.  Zhongolovich, 1952 
p o l a r  semi-axes in CN - C s  70 Based on observat ions o f  a r t i f i c i a l  

Measurement Symbol Value Sources ; Remarks 

<IO0 s a t e l  1 i t e s l  

Po la r  
asymmetry 

.Mean a c c e l e r a t i o n  
o f  g r a v i t y  a t  
equator 

978, 057.3 I .  D. Zhongolovich, 1952 g e 

983,225.1 
Mean acce le ra t i on  

po 1 es 

m i  1 1  i g a l s  9 
o f  g r a v i t y  a t  (mgl) P 

D i f ference i n  ac- 
c e l e r a t i o n  o f  
g r a v i t y  a t  p o l e  
and a t  equator 

+5,167.8 

D i f f e rence  i n  ac- 
c e l e r a t i o n  o f  g r a v i t y  mgl 
a t  equator 

+30.2 I .  D .  Zhongolovich, 1952 ga - gb 

Di f fe rence  i n  accele- 
r a t i o n  o f  g r a v i t y  a t  
po 1 es gN - gS +30 I .  0. Zhongolovich, 1952 

Mean acce 1 e r a t  i on 
o f  g r a v i t y  f o r  mgl g 979,783.0 I .  D .  Zhongolovich, 1952 
e n t i r e  sur face o f  t e r -  
r e s t r i a l  e l l i p s o i d  

c-l 

w 
0 On the bas is  o f  ma te r ia l s  publ ished i n  Astron. J . ,  Vol. 64 No. 1272, 1959. 



P 
0 
P Appendix I (Cont 'd )  

Quant i  t y  U n i t  o f  Numerical 
Measurement Symbol Va 1 ue Sources, Remarks 

Mean rad ius  

Area o f  su r face  

Vo 1 ume 

Mean densi t y  

S i d e r i a l  
r o t a t i o n a l  p e r i o d  

Angular r o t a t i o n a l  
v e l o c i t y  

Mean e q u a t o r i a l  
Rota t i ona 1 
J e l o c i  t y  

R a t i o  o f  c e n t r i -  
f uga l  f o r c e  t o  
a t t r a c t i v e  f o r c e  
a t  equator  

R a t i o  o f  c e n t r i -  
f u g a l  f o r c e  t o  
f o r c e  o f  g r a v i t y  
a t  equator 

Coef f i c i  en t s  cha ra -  
c t e r i z i n g  the  r a d i a l  
d i s t r i b u t i o n  o f  
d e n s i t i e s  w i t h i n  
t h e  e a r t h  

km R 

S km 

V km 

6 g r/cm 

2 

3 

3 

s ec P 

rad/sec u 

km/sec V 

4 

1 K 

K 

5 

86 , 

6,370.949 

510.0501*10 

1 ,083.1579.109 

6 

51 70 I .  D .  Zhongolovich. 1952 

64.09 

0.465 

1 
289 

I .  D .  Zhongolovich,  1952 
1 

288 
0.0034677 =- 

Based on observat ions o f  a r t i -  
f i c i a l  s a t e l l i t e s ;  severa l  l a r g e r  
values were g iven e a r l  i e r l  

0.966 

0.331 

On the  bas i s  of m a t e r i a l s  pub l i shed  i n  the  Ast ron.  J . ,  Vol .  64,  1272, 1959. 



Quant i  t y  U n i t  of  Numeri ca 1 
Measurement Symbol Value Sources ; Rema rks 

Radius o f  i n e r t i a  

Geocentr ic l a t i -  
tude o f  i n e r t i a l  
para1 l e1  

Moment o f  i n e r t i a  

Moment o f  
r o t a t i o n  

Re 1 a t  i ve t rue 
secul a r  brak ing 
of e a r t h ' s  ro ta -  
t i o n  due t o  
t i d a l  f r i c t i o n  

R e l a t i v e  proper 
secular  accele- 
r a t i o n  o f  e a r t h ' s  
r o t a t i o n  

Re 1 a t  i ve obs e rved 
secular  b r a k i  ng 
o f  e a r t h ' s  
r o t a  t i on 

Mean r o t a t i o n a l  
v e l o c i t y  o f  t e r -  
r e s t r i a l  radius 
due t o  abyssal 
compression 

km; propor- 
t i o n  o f  mean 
rad i us 

2 
g r  cm 

2 
g r  cm /sec 

cm/cen t u r y  

R .  
2 

+i 

I 

L 

Aw e - 
w 

AU i 
w 

A U  

w 

AR 

At 

3,674.735 
0.5768 

54"47 '  
44 

8.070.10 

5.885. lo4'  

-8 -4.2.10 
per  century 

-8 + 1  . 4 *  10 
per century N .  N .  P a r i y s k i y ,  1955 

-8 -2.8910 
per century 

- 5 Assumed i n -  B.  Meyermann, 1928, 1928a; 
v a r i a b i  1 i t y  
of mass (M) 

b u t i o n  o f  
masses ( K ) 

4 .5  and d i s t r i -  N .  N .  Pa r i ysk i y ,  1955 



Quant i  t y  U n i t  o f  Symbo 1 Nume r i ca 1 
Measurement Va 1 ue Sources ; Remarks 

Secular  v a r i a t i o n  
i n  p o t e n t i a l  g r a v i -  
t a t i o n a l  energy o f  e rg /century  
e a r t h  accompanying 
reduc t i on  o f  t e r -  
r e s t r i a l  rad ius by 
5 cm and correspond- 
i n g  increase i n  e a r t h ' s  
k i n e t i c  energy 

Probable va lue  o f  
t o t a l  energy o f  
t e c t o n i  c deforma- 
t i o n  o f  e a r t h  

Secular  loss  o f  
heat  o f  e a r t h  
through rad i a t  i on  
i n t o  space 

P o r t i o n  o f  e a r t h ' s  
k i n e t i c  energy 
t ransformed i n t o  
heat  as a r e s u l t  
o f  l una r  and s o l a r  
t i d e s  i n  the  
hydrosphere 

D i f f e r e n c e  i n  dura- 
t i o n  o f  days i n  
March and August 

erg/cen t u r y  

e rg/cen t u r y  

ca 1 / cen tury  

erg/cen t u r y  

ca 1 / cen tury  

s ec 

AE - 1 7 * 1 O 3 O  Assumed u n i f o r m i t y  o f  com- 
p ress ion  o f  e n t i r e  p l a n e t .  
P.  N. K ropotk in ,  1948 and 
A.  T .  Aslanyan, 1955 

Et 
30 - 1-10 

0.11. A"Ek 
0.260 

AP 

0 3 ~  

022 

Wi th a1 lowance f o r  earthquakes, 
v o l c a n i c  e rup t i ons  and o t h e r  
forms o f  t e c t o n i c  a c t i v i t y  
P .  N .  K ropo tk in ,  1948 

P .  N .  K ropotk in ,  1948 

Heiskanen, 1922 and 

de S i t t e r ,  1927 

N .  N .  P a r i y s k i y ,  1955 0.0025 
(Ma rch-Aug . ) 



Quan t i t y  U n i t  o f  Symbol Numerical 
Meas u remen t Va 1 ue Sources ; Rema rks 

_ _ ~  ~ 

Correspond i ng re1 - 
a t i v e  annual var-  
i a t i o n  i n  e a r t h ' s  
r o t a t i o n a l  v e l o c i t y  

A k  w 2.9.1 0 - 8  N. N. P a r i y s k i y ,  1955 
(Aug , -March) 

P resumed va r i a- 
t i o n  i n  e a r t h ' s  cm 
rad ius  between 
August and March 

A?; R -9.2 
Aug .-March) 

Annual v a r i a t i o n  

ocean 
-10 
(Sept.-March) N .  N .  P a r i y s k i y ,  1955 

i n  l e v e l  o f  wor ld  cm Ah0 



Appendix I1 

The E a r t h ' s  L i thosphere ,  Hydrosphere, 

Quan t i t y  U n i t  o f  
Measurement Symbol Numeri ca ,. 

Area o f  con t inen ts  L km ; i n  % of 
area of su r -  S- 149.1 O6 

Area o f  w o r l d  
ocean 

Mean h e i g h t  o f  c o n t i -  
nents  above sea l e v e l  

Mean depth o f  wor ld  
ocean 

Mean pos i  t i o n  o f  
e a r t h ' s  sur face  
w i t h  respect  t o  sea 
1 eve1 

Mean t h i  ckness o f  
1 i thosphere w i t h i n  
the  l i m i t s  o f  the  
con t inen ts  

Mean t h  i ckness o f  
1 i thosphere w i  t h i n  
the l i m i t s  o f  the 
ocean 

Mean r a t e  o f  t h i c k -  
en ing  o f  c o n t i -  
nen ta l  1 i thosphere 

c 
face of e a r t h  29.2 

km ; i n  % o f  
area o f  su r  S 361*1O 
face o f  e a r t h  

2 
6 

70.8 
0 

m hC 875 

-3 794 
0 

m h 

=2430 m m h 

km hc. 2.  3 5  

km ho. 2. 4 .7  

Atmosphere and Biosphere 

Va 1 ue Source 

E .  Kossina, 1933 

E.  Kossina, 1933 

E .  Kossina, 1933 

Morskoy A t l a s ,  Vol. I I ,  1953 

E.  Kossina, 1933 

M.  Yuing and F.  Press, 1955 

Kh. Khess, 1955 

V .  I .  Popov, 1955 



Appendix I1 (Cont Id) 

Quant i  t y  U n i t  o f  Symbol Numeri ca 1 Source 
Measurement Va 1 ue 

Mean r a t e  o f  h o r i -  
zonta l  extens ion o f  
c o n t i n e n t a l  
1 i thosphere 

6 AZ km/lO v r  0.75 - 20 V .  I .  Popov, 1955 - 
At 

2.367.1 025 Mass o f  l i t h o s p h e r e  A. Po ldervar t ,  19.55 

Amount o f  water re-  
1 eased from the man t 1 e 
and core i n  the  course 
o f  geo log ica l  t ime 

24 3.40091 0 Kalp,  1951 

T o t a l  reserve o f  
water i n  the  mant le  

26 
2.10 A .  P .  Vinogradov, 1959 

Present day con t e n t  
o f  f r e e  and bound 
water  i n  the  e a r t h ’ s  
1 i thosphere 

24 

24 
2.2 - 2.6.10 

1.8 - 2.7.10 

Kalp, 1951 
A .  Po ldervar t ,  1955 

Mass o f  hydrosphere A .  Po ldervar t ,  1955 

Amount o f  oxygen bound 
i n  the  e a r t h ’ s  c r u s t  1.300.10 24 

1.5.10 21 

5.1369 10 21 

1 .148 , lO  19 

A .  Po ldervar t ,  1955 

A .  Po ldervar t ,  1955 

A .  Po ldervar t ,  1955 

A .  Po ldervar t ,  1955 

Amount o f  f r e e  oxygen 

Mass o f  atmosphere 

Mass o f  biosphere 



Quan t i t y  U n i t  o f  Symbo 1 Numer i ca 1 
Measurement Va 1 ue Source 

Mass o f  l i v i n g  ma t te r  
i n  t h e  b iosphere  g r  

2 Dens i ty  o f  l i v i n g  
mat te r  on dry  land g r/cm 

3 Dens i ty  o f  l i v i n g  
mat te r  i n  ocean g r/cm 

A P o l d e r v a r t ,  1955 17 3.6-10 

0.1 A .  Po lde rva r t ,  1955 

A. Po lde rva r t ,  1955 -8 15.10 



Object  o f  Study 

Appendix I11 

Age i n  b i l l i o n s  Source 
o f  years 

F o s s i l s  o f  the most anc ient  organisms 

Most anc ien t  known t e r r e s t r  a1 rocks:  

2 . 7  

Mica ( b i o t i t e )  found w i t h  n migmat i tes 3.6 
on the  Kola Peninsula and a t  the  Great 
Rapids o f  t he  Voron'ya River  i n  1958; 

Rock found i n  South A f r i c a  4 

L i thosphere - 4  

Ear th  - 5  

L. Arens, 1955 

A.  A .  Polkanov and E .  K. 
Gerl ing ,  1961 

A .  L .  H e i l s ,  1960' 

V .  I .  Baranov, 1958 

A .  P .  Vinogradov, 1959 
and others 

See Priroda, No. 1 1 ,  1960, p .  113.  

P 
P 
P 

I 



Appendix I V  

Approximate Scale o f  Geologic  Time', Based on the  Data o f  Sov ie t  Research, 1960. 

-- 

E ra  

1 - 10 9' j P 1 i ocene 

M i  ocene 10 - 25 : 15 
0 1 i gocene I 25 - 40 ~ 15 ( 69 
Eocene I 40 - 60 ; 20 
Pa 1 eocene 

I 

u 
0 '  
N I  U 
0 .- 
c 
a, 
U '  

,- 

8 
? 
a, 
u 

b 
ln 
a, x 
1 
0 
a, 

a u 
- I -- 

.- 
I 8 

0 
a, r 
ln 

u 
0 
N 
0 
a, 
m a 

.- 

7 

I j  I I 
Permian 
Ca rbon i f e rous 
Devonian 
S i l u r i a n  
Ordov ic ian  
Cambrian 

I 
225 - 270 
270 - 320 I! 1 
320 - 400 
400 - 420 20 
420 - 480 60 
480 - 570 



Appendix I V  (Concluded) 

Era Per iod  o r  Epoch Beginning and end, i n  App r o x  i ma t e  Du r a t  i on, 
m i l l i o n s  o f  years i n  m i l l i o n s  of years 

Pre-Cambrian I V  (Riphean)' 570 - 1 ,200 

Pre-Cambrian I I I (Pro terozo ic )2  1,200 - 1,900 

Pre-Cambrian I I (Archean) 1,900 - 2,700 

Pre-Cambrian I (Catarchean) 2,700 - 3,500 

P regeol  og i ca 1 era 3,500 - 5,000 

630 

700 

800 

800 

1,500 

1 Pro terozo ic  11. 
2 Pro terozo ic  I. 
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